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' A

Yatesville Lake, Phase-II
Bi,, Sandy River Basin,
Blaine Creek, Kentucky

13OUioAiTIN ,RPOR

SE)CTIU, ONE -- IM!ODUCTION

. PURPOSE AND SCOPE

The purpose of this report is to ensure the preservation for the
'f ture use of the complete records of foundation conditions
encountered during cbnstruction and the methods used to adapt
strubtures to these conditions. The scope of this report covers
the investi4ations, observations, and treatments involved in the
establishment of sound founidations- for the various structures at
Yatesville Lake under Contract No. DACW69-86-C-0039.

2. PROJECT LOCATION AND DESCRIPTION

The Yatesville Lake;Project ,is located on Blaine Creek, a
tributary of the Big'!Sandy River. The Yatesville Dam is located
18.5 miles above the confluence of the stream with the Big Sandy
and about 4 miles west of Louisa, Kentucky. The project consists
of a rock-fill dam with a centrar impervious core, a concrete
intake structure, an~-uncontrolled-type spillway, a maintenance
building, and paved access road and a parking area. (See
Appendix 12-01.A for statistical data concerning various features
of the project.)

3. CONSTRUCTION AUTHORITY

The Yatesville Lake Project was authorized by the Flood Control
Act of 1965, Public Law 89-298, 89th Congress, dated 27 October
1965. The authorized purposes of this project are for flood
control, water-quality control, recreation, and fish-and-wiidlife
conservation.

( 4. PROJECT HISTORY

On 7 January 1977, a contract was awarded to EBY & Associates of
Kentucky, a joint venture, for the construction of the Yatesville
Dam and appurtenant works. Although mobilization was completed
and excavation begun on the outlet portal and access road, this
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work was halted and the contract terninated on 18 August 1977 by
Presidential Order. The decision to separate Yatesville D= and
its appurtenant works into two separate contacts was approved in
January 1981, with Phase I consisting of the outlet tunnel,
stilling basin, outlet channel and intake structure foundation
and Phase iI consisting of the dam, intake structure, spillway,
maintenance building, and access road. Re-evaluation of the
original dam design resulted in several changes including:
raising the top of dan from elevation 678 to 681 nean sea level
(msl), redesign of the cofferdam from per-anent earthfill to
sheet-pile cells, and placing the dan foundation on top of rock
rather than on overburden.

Construction of Dan and Appurtenant Works, Phase I, was awarded
on 21 March 1984 to Cowin and Co--pany, Incorporated, and was
completed in March 1986. (For additional information see
Foundation Report, Yatesville Dan, Phase I.) Construction of Dan
and Appurtenant Works, Phase II, was awarded on 23 April 1986 to
The Lane Construction Corporation. The dan enbankment and 93
percent of the contract work were completed by September 1988.
All physical work was accepted on 31 August 1989.

At the time of this report, contracts associated with the
Yatesville Lake Project, although not directly related to the dam
construction, include a clearing contract, two road relocation
contracts, and three cemetery relocation contracts.

5. LOCATION OF STRUCTURES

The dam axis, with an alignment of N 87032'W, intersects Blaine
Creek at approximately 18.5 miles above its confluence with the
Big Sandy River. The intake structure is located approximately
400 feet south of the dam on the left abutment. Connected to the
intake structure is a preconstructed 975-foot tunnel and
transition, a 112-foot stilling basin, and an outlet channel.
Rock Borrow Area No. 1 and the maintenance building are located
on the right abutment. The spillway is located approximately 1/2
mile east of the dam in a gap on the right valley wall.
Elevations range from 518 msl on the dam foundation, after
excavation, to 867 msl on top of the rock borrow area, before
excavation.

6. CONTRACTORSU
The prime contractor for the construction of the Yatesville Dam
and Appurtenant Works, Phase II, was The Lane Construction
Corporation, of Meriden, Connecticut. The contract was awarded
on 29 April 1986. The work described in the contract included
construction of
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a concrete intake structure, cozplete with 2 hydraulically
operated .ain sluice gates, 2 emergency gates, 2 selective
withdrawal outlet gates, 12 selective-withdrawal inlet
gates, conduit liners, trash screens, 2 maintenance

, bulkheads, and a utilities system

. a rolled-rando fill (earth and rock) dan (with i-pervious
earth core) approximately 156 feet high, with a crest length
of 855 feet

. a steel girder and concrete deck service bridge and

spillway bridge

. an excavated spillway and inlet channel.

Other construction include a masonry-and-frame maintenance
building with all appurtenant utilities and an asphalt-paved
access road and parking area. Notice to Proceed was acknowledged
on 15 May 1986 and the contract original completion date set on
19 April 1991, which gave 1,800 calendar days to complete the
work. The final contract cost of the Phase II work was
$27,604,765.

Major subcontractors included Boyles Brothers Drilling Company
(exploratory drilling and foundation drilling and grouting);
Richard Goettle, Incorporated (installation of steel sheet piles
for the cellular cofferdam); McClelland Services, Incorporated
(excavated the slurry cut-off walls); Stacon Corporation
(installation of the dewatering system); and W.B. Fosson & Sons,
Incorporated (construction of the maintenance building). (See
Appendix 12-01.C for a partial list of contractor personnel and
12-01.G for a complete list of subcontractors.)

7. CONTRACT SUPERVISION

This contract was performed under a contractor-supervised Quality
Control Program with quality assurance conducted through a
Government Resident Office located on the construction site.
This office was administered by a Resident Engineer acting as a
legal representative of the Contracting Officer, the District
Engineer. The Resident Engineer's staff number varied during the
construction program depending on the workload during a
particular phase of construction. (See Appendix 12-01.B for a
partial list of Government personnel.)

3



SECTION TWO - 7OUDION EXPLOION

1. IhVESTIGATION PRIOR TO CONISTRUCTION
Various exploratory programs were conducted at the Yatesville dam

site between 1957 and the awarding of the Phase II contract in
1986. These investigations were performed to evaluate the
foundation characteristics and to locate sources of suitable
construction materials. These programs included not only
investigations for work areas in this contract but for the outlet
works as well, which was completed under a previous contract.
Both rock and soil were investigated in the dan, outlet works,
spillway and borrow areas. (For detailed information on pre-
construction explorations, and f.-eld test and laboratory results
see Design Memorandum No. 5, Volume II and Supplement to Volumes
I and II)

The investigative procedures for overburden, at the dam and
appurtenance sites, consisted of (1) drive sampling; (2)
undisturbed sampling; and (3) excavation of test pits.
Continuous drive samples were accomplished by 2-inch split spoon,
using Standard Penetration Test (SPT) techniques; 4-inch and 6-
inch hollow-stem auger; and churn-drilled samples. Fourteen
undisturbed borings were completed at the dam site using a fixed
piston sampler. Test pits were excavated by means of a backhoe
in search of potential impervious borrow materials.

Various field and laboratory tests were performed on the
collected samples from these soil investigations. Field tests
performed during the soil investigation consisted of field pump-
in test, recording blow counts, measuring the piezometric level
where applicable, and visually classifying the sampled materials
then sealing them for laboratory testing. Laboratory tests were
performed on selected soil samples sent to the Ohio River
Division Laboratories and included visual identification,
moisture content, Atterburg limits, and gradation tests.
Additional laboratory testing performed on select undisturbed and
tost pit samples included standard compaction, specific gravity,
Q and R triaxial shear, S direct shear, consolidation, and
permeability.

In addition to these Corps of Engineers investigations, A.C.
Ackenheil and Associates Incorporated, of Charleston, West
Virginia, performed a field investigation and laboratory testing
program in 1968 under Contract Number DACW69-C-0012. This
contract consisted of testing and evaluating the material from
four tentatively designated borrow areas.

The rock investigation in the areas of the proposed structures
and rock quarry was accomplished by drilling numerous NX size, 4-

4
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inch and 15 6-inch dianeter core borings using the standard
double-tube-rotary core barrels with bottom-discharge bits.
Thirty of the VX-size borings were drilled on a batter to
determine joint spacing and orientation in the bedrock at the
outlet portals, dam abutments, and spillway. All or part of
selected NX-size borings were hydraulically pressure tested to
determine the water tightness of the rock foundation. A select
number of both the NX-size and 6-inch borings remained open after
completion, to be used as observation holes so that seasonal
ground-water levels would be recorded. Field tests performed by
District geologists included core classification, pressure tests,
and recording the piezometric level.

Various laboratory tests were performed on selected core borings.
Select 6-inch core samples from the dam foundation were sent to
Ohio River Division Laboratories for appropriate testing such as
direct shear and sliding resistance, moisture content, and unit
dry weight. Core samples from the rock borrow area were sent to
the South Atlantic Division Laboratory (SADL), where tests were
conducted for permeability, specific gravity, Los Angeles
abrasion, weathering, gradation, 15-inch Q, R & S triaxial shear
test, direct shear, and petrographic analysis. Additional
testing on samples from the rock borrow area by SADL included
vibrating-table relative density for sandstone members and
standard compaction test for shale and siltstone members. (See
Section 3-04 for additional information on rock testing.)

Investigations during the "Phase I" contract, awarded to Cowin
and Company Inc., included the drilling of eight 4-inch core
borings. These borings, located in the left abutment, were
drilled by the subcontractor Stokley-Cheeks and Associates
Incorporated. The information derived from these borings: four
in the intake structure foundation, two in the service bridge
foundation, and two in the right wing wall of the stilling basin,
were used to supplement preconstruction exploratory information
and to establish founding elevations for the excavation of the
various structures. (See Yatesville Lake Foundation Report -
Phase I.) Other exploratory drilling located in the outlet works
included numerous preconstruction borings with laboratory tests
being performed on selected samples.

The detailed results from the above rock and soil sample testing
can be obtained from Design Memorandum No. 5, Volume II,
Supplement to Volumes I & II, and A. C. Ackenheil & Associates,
Incorporated, Borrow Area Investigation Report dated 29 November

r. 1968.

2. INVESTIGATION DURING CONSTRUCTION

Investigations during construction can be divided into two
headings: visual and physical. Visual investigations included the
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continuous observation of conditions that were exposed during
excavation so that conclusions derived from interpretations of
previous exploratory programs could be verified or revised.
During this time, on-site inspections were conducted by personnel
from the District and Division geotechnical offices. The results
of these respective items are discussed later in this report.
Records of visual inspections of the final rock exposures and
foundations include maps, documentation, and photographs. (See
Appendix for records of visual inspections.)

(
Physical foundation investigation of rock was confined to
exploratory borings. All exploratory drilling during
construction wa5 performed by the subcontractor Boyles Brothers
Drilling Company with core logs made by a District geologist.
These borings were drilled with a truck-mounted hydraulically-fed
Longyear 44 rotary drill having a 4-inch-diameter standard
bottom-discharge bit with diamond settings. Three separate
investigations were made during construction, which included (1)
spillway prior to excavation, (2) the dam foundation prior to
foundation treatment, and (3) the dam foundation after foundation
treatment. (See Appendix 12-06, Graphic Logs of Borings.)

Under Section 2F of the Contract Specifications, the Contractor
was required to drill four 4-inch core borings in specified
locations at the spillway prior to excavation. The information
derived from these borings was used to supplement preconstruction
exploratory information in order to establish founding elevations
for the excavation of the spillway bridge foundation. These four
borings were drilled in July 1986. Two o these borings, holes
No. C-115 and C-116, were battered at 30 into the designed
inclined leg foundations of the spillway bridge. Holes number C-
114 and C-117 were drilled vertically, located in the designed
spillway bridge abutments. All four holes required casing in the
top 5 to 10 feet due to severely weathered shale with drilled
depths ranging from 45 to 65 feet. The average recovery of these
borings was 93 percent, poor recovery was encountered within the
top 20 feet, of these holes, due to severely weathered shales.

After overburden excavation was completed at the dam site, a
conspicuous broken zone was discovered in the sandstone
foundation at Station 5+85 from elevation 521 to 524. This
broken zone required an exploratory drilling program to discover
its extent, orientation, and severity. A series of 11 vertical
4-inch core holes were drilled (hole numbers EX-1 through 11), in
September 1987, at various locations near the broken zone.

' During drilling a 6-inch-diameter roller bit was used for the
first two feet to accommodate the length of the 4-inch ID core
barrel. Depths of these exploratory holes varied from 11 to 22
feet with occasional core loss (0 - 60 percent loss) occurring in
broken zones.
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After drilling was ompleted, these 11 holes (hole numbers EX-1
through EX-11) were hydraulic-pressure tested then backfilled.
The holes were hydraulic-pressure tested with a single air-
expanding packer near the surface at 5 psi gauge pressure. If
water take was encountered while testing near the surface, the
hole would farther be tested at 5-foot increments. Eight holes
(EX-4 through EX-11) exhibited high water takes (1.5 to 2.7 cfm)
during testing. Upon completion, all holes were backfilled with
a thick cement and water grout mixture and placed by tremie
method. A conspicuously high grout take (454 bags of cement) was
required to backfill these holes, in which the excess backfill is
speculated to have been placed within the broken zones.

After the foundation drilling and grouting program was completed,
an exploratory drilling operation was performed to determine the
conditions of the dam foundation at locations of high grout takes
and the effectiveness of the curtain grouting program. Seven 4-
inch core holes (hole numbers CG-I through CG-7) were drilled
vertically to various depths (76 to 21 feet) within the valley
bottom of the dam foundation during January and February 1987.
No problems were encountered during drilling and a high recovery
rate of 99% was achieved. After drilling was completed, the
holes were pressure tested with a double-air-expanding packer at
5-foot increments and gauge pressures ranging from 5 to 24 psi.
The formations tested "tight" with a range of 0.0 to 0.39 cfm.
Upon completion, the holes were then backfilled with a thick
cement and water mix and placed by tremie method.

An attempt to find an alternative impervious borrow area was
initiated during placement of the dam embankment. A soil
investigation was performed by a service contract with Mason-
deVerteuil Geotechnical Services in June 1988. A series of
overburden test pits and trenches were excavated, primarily
located on the hillsides directly south and east of Spoil Area
No. 1, between elevations 725 and 655. These pits and trenches
were excavated by means of a John Deere 410 backhoe, with visual
classifications and logs made in the field. The sampled material
was tested in a lab for: gradation, moisture content, specific
gravity, plasticity, and standard proctor curves. The results of
this investigation failed to provide an improved source of
impervious material of significant quantities.
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S3CTIO 21-REE GEOLOGY

1. REGIONAL GEOLOGY

a. Physiooraohv an! Topography. The Blaine Creek drainage(° basin lies within the Cumberland Plateau Section of the
Appalachian Plateau Physiographic Province. Within the project
area, this section is characterized by a mature plateau with
narrow drainage divides and a moderately wide flood plain,
ranging from 300 to 600 feet wide, with a meandering stream.
Blaine Cr23k has its source approximately 6 miles west of Martha,
Lawrence County, Kentucky, at an approximate elevation of 1100
msl and flows in a general northeasterly direction discharging
into the Big Sandy River at approximate elevation of 555 msl.
Blaine Creek has a dendritic drainage pattern and flows on
overburden throughout most of its course, except where it crosses
the Lee Formation in the upper regions of the drainage basin. In
several places, Blaine Creek has formed island-type knobs of
bedrock within the alluvial flood plain caused by abandoned creek
meanders.

b. Stratigraphy. The Blaine Creek basin was formed in
sedimentary strata of the Pennsylvanian Age. Sedimentation took
place on a broad subsiding basin, and a great thickness of
alluvial sediments was accumulated with brief marine
transgressions. The bedrock of the drainage basin in descending
geologic order consists of the Monongahela, Conemaugh, Breathitt,
and Lee formations.

The Monongahela Formation does not exist at full thickness in the
basin area. This formation consists of siltstones, sandstones,
and shales and is present at some of the higher elevations along
the ridges toward the mouth of the drainage basin, below tne dam
site. Due to the lithologic similarity of the Monongahela and
Conemaugh Formations and the thin and discontinuous nature of the
Pittsburgh Coal horizon in this region, the lower boundary of the
Monongahela must be projected from otner stratigraphic beds.

The Conemaugh Formation is exposed in some of the higher
elevations at the dam site and consists of sandstone, shale,
siltstone, calcareous shale and siltstone, coal beds, Ames and

(. Brush Creek limestone members, and a thin discontinuous limonite
bed. This formation is located in the central and lower regions
of the drainage basin. The Conemaugh Formation's lower boundary
is defined as being placed at the top of the Princess Number 9
Coal Bed or, in the absence of this coal bed, on the base of a
persistent mottled green and reddish shale member.
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The Breathitt Formation is the predominant formation being
-exposed throughout the drainage basin. This formation is
characterized by its numerous coal beds, many of which were
exposed and mined from the Little Blaine Creek area. The lower
Breathitt Formation is predominantly shale and siltstonie with the
upper Breathitt Formation consisting mostly of sandstone. In the
mid-region of the basin massive sandstone members were deposited,
some over 100-feet thick, as exposed at the dam site. The
Breathitt also consists of flint-clay marker beds, claystones,
and thin limestones such as the Magoffin Limestone and the
Vanport Limestone members. The boundary for this formation is
defined as having its lower contact placed at the top of the
uppermost orthoquartzite member of the Lee Formation.

The Lee Formation is found only in limited exposures at lower
elevations in the upper region of the drainage basin and does not
outcrop at the construction site. The Lee Formation is the
oldest unit found in the Blaine Creek drainage basin, with only
the upper section of this formation being exposed. The Lee
Formation is predominantly a medium grained quartzose sandstone
with occasional conglomeratic or shale zones.

c. structural Geology. Structurally, the region is part of
the Appalachian Geosyncline, and the principal structural feature
of the area is the Pittsburgh-Huntington Basin. This basin
extends from southwestern Pennsylvania into Eastern Kentucky.
Great thicknesses of shallow-water marine sediments were
deposited in this basin. At the close of the Paleozoic Era,
horizontal pressures originating from the Appalachian Mountain
orogeny were exerted on the basin sediments and formed anticline-
syncline folded topography generally trending from the northeast
to the southwest. The folds are identified in the Blaine Creek
basin and are located on Exhibit No. 4. Several structural domes
have been defined in the basin and are also located on Exhibit
No. 4. The regional dip of the rock strata is in a northerly
direction at about 40 feet per mile.

Approximately 5 miles south of the dam site lies the Walbridge
Fault. This is a "normal fault" that strikes in a general east-
west direction, h ving a southern downthrown block with a
displaqement of about 150 feet. This fault is associated with
the 38 Parallel Lineament, which is an east-west alignment of
bedrock structural features from northeastern Virginii to south-
central Missouri, with a probable Permian Age.

d. Seismic History. Research into the published records
and statements by recognized geologists and geophysicists shows
that the region of the Yatesville Dam project lies in a
relatively inactive seismic area. In accordance with ETL 1110-2-
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109, dated 21 October 1970, a seismic coefficient of O.05g was
recommended for the Yatesville dam site.

A seismic investigation of the dam site was performed in 1983, by
a consultant, to evaluate the capability of nearby faults and the
influence of recent events on the selection of design
earthquakes. It was determined that none of the nearby faults
were capable. The results of the design earthquakes were
controlled by the Sharpsburg event, which was "floated" in the
far-field because investigators have been unable to define a
structural feature that was responsible for generating the
earthquake. The selected far-field, hard-site motions for the
design earthquakes at Yatesville Dam include (1) Operating -
Basis Earthquake with a Richter Magnitude of 5.0, peak
acceleration of 0.09g, peak velocity of 8 cm/sec and a bracketed
duration of 2 seconds; (2) Maximum Credible Earthquake with a
Richter Magnitude of 6.0, peak acceleration of 0.18g, peak
velocity of 40 cm/sec and a bracketed duration of 30 seconds.

e. Economic Geology. Coal, gas, and oil have been produced
from the Blaine Creek drainage basin. Most of the coal has been
produced from the Breathitt Formation throughout the entire
drainage basin with a concentration of past mining activity
located in the area of the Left Fork and Right Fork of the Little
Blaine Creek. Major coal beds within the Breathitt Formation
that have been mined include the Princess Number 7, Richardson,
Broas, Peach Orchard, Hazard, Whitesburg, and Van Lear coal beds.
Both underground and strip methods of coal mining have been
performed in the drainage basin. Underground mining consisted
primarily of small household mines for domestic use, and strip
mining consisted primarily of contour stripping in combination
with augering.

Gas and oil have been produced from wells found throughout the
drainage basin siice the early 1900s. Of the gas and oil wells
drilled to depths ranging from 500 to 4,000 feet, the major
producing formations were the lower Mississippian "Wier"
sandstone and Berea Sandstone, the Devonian Ohio Shale and
"Corniferous" dolomite, and the Silurian "Big Six" sandstone.
The largest oil and gas field is the Martha Pool with
approximately 1700 wells, located in the upper region of the
drainage basin. The major producing formation in this field is
the "Wier" sandstone with oil traps being formed from the
combination of structural domes and the presence of overlyingCimpervious shales. Other, smaller, gas fields, which are located
in the mid-region of the drainage basin, include the Cordell,
Adams, Tarkin, and Daniels Creek School gas pools.

Clay and shales in the Breathitt Formation may be suitable for
bricks, tile, pipe, or other building materials. Other possible
resources include the sandstone members of the Breathitt

10



Formation for building stone, a thin discontinuous limonite
member of the Conemaugh Formation for small amounts of iron ore,
and quartzose members of the Lee Formation for glass sand.

2. SITE GEOLOGY

a. Physiographv and Tooarayb. The Yatesville dam site is
( located in a relatively narrow section of the Blaine Creek

valley. The floodplain is approximately 450 to 500 feet wide
along the axis of the dam. The floodplain, at the dam site, lies
on the left side of the stream in the form of a terrace at about
elevation 600 msl. The left valley wall rises on a moderately
steep slope from the flood plain to the top of a hill at
elevation 950 msl. On the right valley wall the slope rises non-
uniformly from the stream to the ridge line. The valley wall
contains large sandstone blocks which have weathered and
separated from the outcropping Breathitt Sandstone. The
Breathitt forms prominent sandstone cliffs, 5 to 25 feet high,
throughout the entire construction site at elevations ranging
from 625 to 675 msl. The sandstone blocks, found along the
valley walls, have separated from these cliffs along high angled
joints and have moved down slope. At the dam site, sandstone
cliffs outcrop along both left and right valley walls from about
elevation 650 to 675 msl with surface weathering forming
overhangs and honeycombing.

b. Stratigrapbv. The bedrock exposed during construction
consisted almost entirely of sedimentary rocks of the Middle
Pennsylvanian Breathitt Formation with limited amount of
Conemaugh Formation being excavated from Rock Borrow Area No. 1.
The members of the upper Breathitt Formation which were exposed
at the construction site, in ascending geologic order, consist of
the Upper Winifred Sandstone, Broas Coal Zone, a shale/sandstone
member, Coalburg Sandstone, Richardson Coal Zone, Homewood
Sandstone, Lower Kittanning Shale which includes the Princess
Number 7 Coal Bed, and the East Lynn Sandstone.

The Breathitt Formation exposed during excavation of the dam
foundation consists of 160 feet of bedrock from the Upper
Winifred Sandstone to the Homewood Sandstone members. The Upper
Winifred Sandstone Member was exposed in the base of the dam
foundation from approximate elevation 520 to 535 msl and is
described as being light gray, medium grained, moderately hard,
and slightly micaceous. The Broas Coal Zone exposed in the dam
foundation from elevation 535 to 545 msl consists of an underclay
of variable thickness; a slightly pyritic, 1-foot-thick coal bed;
a carbonaceous shale of variable thickness; and a thinner,
discontinuous, upper coal bed. An interbedded shale/sandstone
member was also exposed in the dam foundation from approximate

11



elevation 545 to 570 msl with a gray, fine-grained, sandstone and
a dark gray, occasionally carbonaceous shale. The Coalburg and
Homewood Sandstone Members, from elevation 570 to 680 msl, are
lithologically similar and are indistinguishable at the dam site
due to the absence of the Richardson Coal. These sandstone
members are gray to brown, medium grained, slightly micaceous,
massive sandstone with only occasional thin discontinuous shales
and conglomerates.

The Breathitt Formation exposed during excavation other tha,. the
dam site include members from the Richardson Coal Zone to the
East Lynn Sandstone. An extensive Richardson Coal Zone was found
only in the spillway at approximate elevation 655 msl and
consisted of two argillaceous coal beds, less than 1-foot thick,
with a carbonaceous shale layer between them. The Homewood
Sandstone Member, as described above, does not exist at the
spillway but has various thicknesses elsewhere in the
construction site. The Lower Kittanning Shale Member is present
throughout the construction site between the Coalburg/Homewood
Sandstone Members and the East Lynn Sandstone Member and was
exposed during excavation of access and service roads, the
spillway, and the rock borrow area. This member consists of
shale with interbedded siltstone, claystone, sandstone, and coal
beds. A major coal bed within this member is the Princess Number
7 Coal, which has been reported as being mined in the
construction site, having a thickness of 1 to 2 feet. The
uppermost member of the Breathitt Formation is the East Lynn
Sandstone Member located throughout the construction site from
approximate elevation 760 to 810 msl. This sandstone member is
brown to gray, medium grained, and slightly to moderately
weathered. The East Lynn Sandstone member was totally excavated
from the right abutment, in Rock Borrow Area No. 1, for the
placement in sandstone sections of dam embankment.

The Conemaugh Formation's lower boundary with the Breathitt
Formation is defined at the construction site as being placed at
the base of a mottled reddish- to purplish-brown and greenish-
gray shale. Only the lower section of the Conemaugh Formation
exists at the higher elevations in the construction site. This
formation consists of a lower mottled shale and claystone,
sandstone, shale, siltstene, calcareous shale and siltstone, and
Bush Creek Limestone Member. The Conemaugh Formation in the
right abutment was totally excavated from Rock Borrow Area No. 1
and was either placed in randou, rockfill of dam embankment or
hauled to Spoil Area No. 4. The Bush Creek Limestone Member and
associated calcareous sediments were not encountered during
construction, but are reported to exist at approximate elevation
910 msl on the left abutment.

The depositional environment of the Breathitt Formation appears
to be fluvially influenced. The exposed members above and below
the Coalburg and Homewood Sandstone Members possibly represent a
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meandering stream sequence. The sandstone in this sequence was
deposited by an active stream channel with shales being
floodplain deposits. The Broas, Richardson, and Princess Number
7 coal zones may represent regional swamp environments. The
Coalburg Sandstone and Homewood Sandstone members are possibly a
slightly braided or stacked meandering stream sequence. This
sequence is characterized by massive sandstone being formed by
active stream channels, thin conglomerates being erosional bases
of these channels, and thin discontinuous shale lenses and coals( representing abandoned stream channels. The lack of extensive
shales in the 110-foot-thick Coalburg and Homewood Sandstone
members could be due to the possible braided-type action of the
stream, whereas the various directions of crossbedding indicate
meandering-shaped stream channels. The stream flow in the upper
Breathitt Formation was possibly in a northwesterly direction
with sediment transported from the Appalachian highlands in the
southeast.

The depositional environment of the lower Conemaugh Formation
appears to be less swampy with the source material being from a
more arid environment than the Breathitt Formation from evidence
of change in shale color from gray to reddish brown and the lack
of extensive coal beds. The deposition of this formation is
reportedly placed in a deltaic plain with the Bush Creek
Limestone Member representing a brief marine transgression. The
stream flow during the Conemaugh age was probably in a northwest
direction with the brief inundation of the sea from the west.

c. Structural Geologv. The strata at the dam site and the
area directly north of the dam dip to the northeast at the rate
of 40 feet per mile. A small regional anticline has an alignment
of N 70 E and is reportedly located approximately 0.3 mile south
of the dam site. Approximately 5 miles south of the dam site
lies the Walbridge Fault, a normal fault that strikes on a
general east-west direction with the downthrown block to the
south.

Most joints measured in the construction site had vertical to
near vertical dips. These joints, some of which were either
clay- or calcite-filled, were primarily found to be tight or
slightly open and were commonly iron stained. Many vertical
joints (59%)o measured at the dam site have an alignment from N
10 W to N 15 E, which is the general direction of the valley.
These joints, due to their strike and proximity to the original
top of rock, are probably release joints occurring from valley
stress relief resulting from unloading by erosion. In sections
of the dam where a brittle stratum (sandstone) is interbedded
with a more plastic stratum (shale), the sandstone would have a
concentration of relief joints, some totally penetrating the
sandstone members. A minor joint set, at the dam site, has
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vertical dips yith a stronger strike of N 300E and a weaker
strike of N 35 W.

Unique joint patterns, not found in other sections of the dam
foundation, are associated with a series of near horizontal
broken zones located in the valley bottom from station 5+30 to
6+30 within a sandstone member. One such pattern located in the
vicinity of the broken zones consists of angled jointp,
occasionally coated, with a north-south strike and 60 to 30
dips to either the west or east. These angled joints can be
interpreted as shear fractures occurring from the upward valley
stress relief that had culminated in the valley bottom. Exposed
within the broken zones are vertical joints with an enjt-west
strike, representing extension joints resulting from slight
elongation caused by valley stress relief.

Several near-horizonal broken zones, or faults, were found after
overburden excavation and were investigated by means of
exploratory drilling. These broken zones are located in the
valley bottom from dam station 5+30 to 6+30. The uppermost zone
was exposed, at the top of rock, perpendicular to the dam axis.
The zones exist only within zhe Upper Winifred Sandstone Member
between elevations 520 and 505 msl with thicknesses of 1 to 2
feet. These zones are slightly to severely broken with numerous
discontinuous joints having a 3pacing of less than I foot. A
black ferruginous coating was found within some broken zones on
the bedding planes and joint surfaces with small stalactites
forming in voids that were exposed at the surface. A sand-and-
clay mylonite existed between the fist-sized blocks of sandstone
within the broken zones although no brecciation had occurred with
these sandstone blocks. There appears to be no rock movement
along these broken zones or associated joints and little or no
displacement of sandstone blocks within the broken zones although
the presence of mylonite suggests some micromovement or
compression in the sandstone. Iron-rich groundwater seepage was
observed from the uppermost broken zone exposed at the surface
from elevation 520 to 518 msl. The broken zones, or faults,
appear to be the result of valley stress relief with the maximum
stress occurring in the valley bottom where these zones are
located.

A minor normal fault is located on the right spillway wall at
station 4+40S throug the Richardson Coal Zone. This fault has
an alignment of N 75 W and a 45 dip to the south with a southern
downthrown block and having a 4-foot displacement. This fault is
not extensive, not being found in either the spillway sill
excavation or the left spillway wall. Other features of
structural geology include a small syncline located in the
spillway and several minor slickensides within shale members
throughout the construction site. Variable elevations for the
Broas Coal Zone at the dam site and the top of the
Coalburg/Homewood Sandstone members throughout the construction
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site appear to be due to depositional rather than structural
effects.

d. Bedrock Weatherin. The topography of the Blaine Creek
valley at the dam site is the result of differential weathering
that caused the massive sandstone members to have slightly
steeper slopes than shale members which form a more gentle
relief. Differential weathering is prominent at the point of
contact between the resistant Homewood Sandstone and soft Lower
Kittanning Shale where vertical sandstone cliffs form. Surface
weathering on these sandstone cliffs formed overhangs and
"honeycombing" due to irregular cementation, ground water, and
freeze/thaw cycles.

The dam foundation, for the most part, ranged from slight to
moderate bedrock weathering with small pockets of severe
weathering. The Upper Winifred Sandstone displayed only slight
weathering at the original top of rock, which had drummy bedding
planes and black ferruginous stained broken zones. The overlying
shale/sandstone member had moderate weathering with iron stained
sandstone joints and exposed weathered shale surfaces. This
exposed weathered shale was removed to sound rock immediately
prior to placing embankment. The Coalburg and Homewood
sandstones had slight to moderate weathering with iron staining
being common, and surface weathering of thin shale lenses.
Severely weathered rock consisted of three, thin, poorly
cemented, isolated pockets of sand within the sandstone members.
(See Section 3-02.e for location of poorly cemented pockets.) The
Lower Kittanning Shale from elevation 675 to 681 msl, at the
surface, was severely weathered with discoloration and partial
decomposition. This shale was excavated to sound rock before
placing dam embankment.

The rock borrow area consisted partly of severely weathered
shales and claystones in the Conemaugh Formation that were found
to be unsuitable for dam embankment. The East Lynn Sandstone
Member which is the dominant member in the rock borrow area, used
in random and sandstone zones of dam embankment, had slight to
moderate weathering and was commonly iron stained. The Lower
Kittanning Shales, used partially in random rockfill, was
slightly to moderately weathered.

In the vicinity of the spillway, the Lower Kittanning Shales are
severely to moderately weathered. This is due in part to the
soft nature of the rock and the narrow ridge through which the
spillway is cut. The shale and claystone excavated above the
spillway were severely weathered and became a factor in
determining the founding elevations for the spillway bridge
abutments. The bedrock in the spillway walls was moderately
weathered with deterioration of shales on the exposed surfaces
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causing differential weathering with thin interbedded sandstones.

a. Lehcincr and/or Solution A ctiwitv. The calcareous
members of the Conemaugh Formation, in the higher elevations at
the dam site, may have leached to produce the fed calcite filled
joints that were found. Solution activity formed black
ferruginous coating and stalactites in voids and planes
associated with broken zones, located in the valley bottom.
Solution activity also formed the numerous iron-stained joints
and sandstone beds at the dam site.

The leaching, or lack of cement, =ay have caused three thin
isolated pockets of poorly cemented sandstone in the dan
foundation. These sandstone pockets are iron-stained,
discontinuous, approximately 1-foot thick, soft, and could be
easily excavated with hand tools. These pockets of sandstone are
located at: (1) sta. 5+07 to 5+20, 22 to 26 feet D/S; (2) sta.
5+70 to 5+80, 10 to 22 feet U/S, which was excavated and replaced
with dental concrete; and (3) sta. 8+43 to 8+48, 40 feet U/S to
25 D/S, which was treated at the surface with dental concrete.

f. Ground Water. The ground water levels at the Yatesville
Lake Project were determined during preconstruction subsurface
exploration. It was established that the ground water level in
the floodplain corresponds with the approximate stream elevation
572 msl and rises gradually in the abutments to approximate
elevation 590 nsl. Field observations have disclosed that there
was ground-water movement within the Lower Kittanning Shales and
along its contact with the Homewood Sandstone. Several small
seeps and overburden slides occurred along this contact. These
seeps, as exposed in the spillway walls, are indicative of a
perched ground-water level and exhibit seasonal fluctuations.

Most of the ground water encountered at the construction site was
during the excavation of overburden for the dam. Ground-water
movement within the overburden was inhibited by the construction
of two slurry cut-off walls. The ground water was then removed
by means of a series of dewatering wells. The ground-water level
was then monitored with piezometers. Staining and taste were
evidence of the high iron content of this ground water. After
overburden excavation at the dam site was completed, moderate
ground-water seepage was evident in the valley bottom along an
exposed near-horizontal broken zone at elevation 520 msl. This
water had a high iron content and was controlled with the use of
sump pumps. Minor ground-water seepage was found within an
interbedded shale/sandstone member and the Broas Coal Zone at the
dam site from elevation 535 to 570 msl. This negligible amount
of ground water was controlled with the use of ditches and sump
pumps. Various artesian ground-water zones were encountered at
the valley bottom during foundation drilling and grouting. The
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artesian pressures ranged from 0 to 10 psi and occurred below
elevation 485 nsl. The aquifers for most of the artesian flows
were the Peach Orchard Coal and the IArer Winifred Sandstone
Me-ber.

g. Description of Overburden. The overburden at the dam
site can be generally classified by the depositional nature of
the =aterial. These sections consist of (1) residual-colluvial
material on the valley walls, (2) colluvial-alluvial material in
the upper layer of the floodplain, (3) alluvial material in the
lower layer of the floodplain. The overall thickness of the
overburden in the floodplain ranges from 55 to 70 feet. Large
glide blocks, derived from the valley walls, are occasionally
found along the base of the valley walls but are rarely found
within the floodplain.

The residual-colluvial material on the vallLy slopes was found to
be relatively thin, 0 to 5 feet thick, consisting of mixtures of
sand-, silt-, and clay-size particles derived from weathering of
sandstone, siltstone, and shale.

The upper colluvium-alluviun layer consists primarily of
interlensing deposits of clay, sands, and silts with some gravel-
to boulder-size materials present. This layer is found
throughout the top 10 to 25 feet of the floodplain and is
characterized by its heterogeneity. Its deposition was
influenced by either the hillside (colluvium) or the river
(alluvium).

The lower alluvial layers in the floodplain consist of a soft
clay layer, loose sand layers, and a foundation .and layer. The
soft clay layer consists of a soft, bluish gray, sandy clay and
was found to be continuous toward the left abutment under the
upper colluvium-alluvium layer with a maximum thickness ranging
from 10 to 30 feet. This clay layer may represent an abandoned
stream channel filled with fine-grained flood deposits. The
loose sand layers extend over the entire valley and underlie the
clay layer towards the left abutment and the colluvium-alluvium
layer toward the right abutment with an approximate thickness of
40 feet. This loose sand layer was found to have "loose" to
"very loose" relative density during standard penetration tests.
The bottom layer consists of foundation sands ranging from 10 to
30 feet thick with a "medium" relative density.

3. ENGINEERING CHARACTERISTICS OF OVERBURDEN

An extensive preconstruction exploration program was performed on
the overburden at the dam site. Disturbed and undisturbed soil
samples, collected from this program, were tested by the Ohio
River Division Laboratories (ORDL) and the Waterways Experiment
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Station. The results from these labs as well as field tests and
observations can be found in Design Memorandum No. 5. The
alluvial material at the dan site was divided into three
classifications -- "soft clay," "loose sands," and "foundation
sands." (See Section 3-02.07, Description Of Overburden.) This
alluvium material was determined to be inadequate for the dam
foundation, placed either totally or partially on overburden.
After evaluating both field and laboratory data, deficiencies in
the alluvial material were observed, including the following:
(1) "soft clays" yielded an unacceptable safety factor during
stability analysis for the end-of-construction condition; (2)
"loose sands" during exploration were found to have conspicuously
low blow counts (0-10 blows per foot) using Standard Penetration
Test (SPT) techniques; and (3) "foundation sands" during
liquefaction analysis were determined to be inadequate with
respect to dynamic loading. Re-evaluation and analysis concluded
that a dam founded on rock with the upstream shell partially
founded on overburden would yield acceptable safety factors.
(See Section 4-02 for design considerations of dam embankment.)

Soil samples from preconstruction exploration of potential borrow
areas were tested by ORDL and A.C. Ackenhiel & Associates, Inc.
Results from these tests can be found in Design Memorandum No. 5.
Although two areas were determined to be suitable for borrow,
only one was used during construction of the impervious core and
diversion dikes. Impervious Borrow Area No. 1, below elevation
615 (msl), used during construction, was formed by an abandoned
meander of Blaine Creek then filled with alluvial clay during
flood periods. This alluvial clay was determined to exist in the
top 10 f-et of overburden and consisted primarily of silty clay.

During construction, continual tests were performed by the
Government and contractor in field laboratories on the in-place
materials of the impervious core. These materials were tested
for correct classification (CL), moisture (-1% to +2% of
optimum), and compaction requirements as specified in the
contract. Also, as specified in the contract, undisturbed
samples were taken at specific elevations during placement of the
impervious core and were sent to ORDL for evaluation.

4 ENGINEERING CHARACTERISTICS OF ROCK

Representative rock samples from 6-inch borings were tested by
Ohio River Division Laboratories (ORDL) and South Atlantic
Division Laboratories. Results from these tests can be found in
Design Memorandum No. 5. Two borings were tested, C-26 and C-77,
to determine the engineering characteristics of the dam
foundation. Sandstone and siltstone samples from boring C-26,
located slightly upstream from the centerline of the dam near the
center of the valley, were tested for direct shear and sliding
resistance. Boring C-77 was drilled near the toe of the left
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abutment just upstream from the dam centerline. From this boring
a sample of clay with sandstone fragments (fault breccia) and
zones of weaker sandstone was tested in direct shear with
measurement of sliding friction. Selected samples from these
holes were also tested for moisture content and unit dry weight.
All or part of selected NX core holes, located at the dam site,
were hydraulically pressure-tested to determine the water
tightness of the various formations.

Ten borings, C-78 through C-87, were tested to determine the rock
characteristics in Rock Borrow Area No. 1. From these borings
petrographic and/or x-ray diffraction analysis was performed on

22 representative samples from various elevations. Sandstone
members were found to be suitable for processed sandstone and
sandstone rockfill zones of dam embankment. Both shale and
sandstone members were suitable for random rockfill zones of dam
embankment. The results of rock analysis of the borrow area and
a summary of the various design-strength parameters and stability
analysis of the dam embankment can be found in Design Memorandum
No. 5.

Due to the lack of durability and/or sufficient quantities, the
materials required for the drains, stone slope protection, and
concrete aggregates were not available at the work site and had
to be obtained from commercial sources. (See Appendix 12-01.M for
a list of materials obtained from commercial sources.)

5. UNANTICIPATED GEOLOGIC CONDITIONS ENCOUNTERED

a. Dam Foundation. Several minor features were encountered
in the d-1 foundation that were not anticipated. A prominent
unantici .,ted feature was the presence of several near-horizontal
broken zones located in the valley bottom. (See Section 3-02.c
for description of broken zones.) These broken zones required
additional excavation, dental concrete, dewatering, and
foundation grouting. (See Section 4-05 for treatment of broken
zones.)

Other unanticipated features in the dam foundation include small,
isolated pockets of poorly cemented sandstone, which were removed
and replaced with dental concrete. Soft shales and underclay
below the Broas Coal, on the right abutment, required additional
excavation and dental concrete. Although anticipated, the
thickness of sandstone (110 feet) at the dam foundation is
unusual for the Breathitt Formation.

b. Spillway. The characteristics of the shales in the
spillway resulted, in part, to over excavation along the side
walls and floor. This over excavation in the sidewalls affected
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the concrete thicknesses in the inclined leg foundation of the
spillway bridge. Over excavation in the spillway floor exposed
portions of concrete in the sill and inclined leg foundation key
that was designed to be founded in rock. This overexcavated rock
along the spillway floor was replaced with compacted clay.

A detrimental condition occurring from the spillway shales
is the differential weathering with a thin-bedded, moderately
jointed sandstone which is undercut by the weathering shales.

S This undercutting may allow sandstone blocks to become dislodged,
falling into the spillway floor. A normal fault located on the
right spillway wall also enhances the surface weathering of the
shales in its immediate area creating a slight undercutting
effect. (For a description of normal fault see Section 3-02.c,
Structural Geology.) These conditions of over excavation and
weathering will be corrected with additional concrete in a later
contract.
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ONCTXON YOUR -- SPECIAL DSIGN CONSIDERATION

1. COPFERDAM

After termination of the 1977 contract for the construction of
the Yatesville Dam, a re-evaluation of the original earthfill
cofferdam design was required due to changes in design criteria.
During the cofferdam re-evaluation, downstream flood profilesusing the National Weather Service Dambreak Model indicated thatthe failure of a temporary embankment cofferdam at elevation 611

msl would constitute a significant hazard to life and property
downstream. A design increase in height, to elevation 639,
required relocation of the cofferdam which resulted in additional
foundation exploration. This additional exploration determined
that the foundation materials and strengths were significantly
different than those derived from previous findings. Using this
additional foundation information, the stability analysis of the
permanent cofferdam design for the end-of-construction condition
yielded an unacceptable safety factor.

Because of the inadequate safety factor for a permanent earthfill
cofferdam, it was proposed that this structure be replaced by a
permanent cofferdam consisting of sheet-pile cells with a crest
elevation of 616 msl. This decrease in crest elevation, from 639
to 616, was required because of construction problems concerning
the long sheets and the excessive diameters necessary for a
higher crest, but was acceptable since a cellular structure can
be safely overtopped. This cofferdam provided protection against
a 5-year annual flooding frequency with 2 feet freeboard. This
constructed cofferdam has a parallel alignment with the dam and
is located 332.32 feet, center to center, upstream of the dam.
The sheet-pile cells of the cofferdam consisted of seven 62.68-
foot diameter cells with the sheets founded on top of rock or to
the maximum depth at elevation 540 msl. The cells were filled
with bottom ash and have a 12-inch concrete cap. Toward the left
and right abutments of the cofferdam, concrete monoliths were
placed to elevation 621 msl, and were later removed to elevation
616 msl after the completion of the dam embankment. Downstream
of the cofferdam, 12-inch concrete slabs, with embedded drain
pipes, were placed to protect the excavated slope from being
undercut during periods of overtopping. These slabs were broken
by a dozer, however, as the dam embankment was being placed.
(See Section 7-01 for additional cofferdam information.)

2. DAM EMBANKMENT

The constructed dam embankment, which was founded on rock, is
significantly different than the embankment design called for in
the original 1977 contract, which was founded on overburden.
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These design modifications were the result of changes in design
criteria and additional foundation information, that varied from
previous explorations. A change in hydrologic and hydraulic
design criteria required that the dam crest be raised from
elevation 678 msl to 681 msl (without camber). As a result of
additional foundation exploration for the relocation of the
cofferdam, it was concluded that extensive deposits of soft
clays, silts, and loose silty sands were present not only in the

( vicinity of the cofferdam but also along the left abutment of the
dam site. After incorporating this information with previously
obtained results, the stability analysis of the dam embankment
founded totally on overburden for the end-of-construction
condition yielded an unacceptable safety factor below 1.0.

Analysis of a proposed embankment with the shell founded at
elevation 555 msl on in situ foundation sands, which underlies
the soft clays and loose sands, and its central impervious core
founded on rock indicates that such an embankment is statically
stable. Due to revised criteria for seismic design and recent
earthquake epicenters, an additional seismic investigation was
initiated. The results of this investigation increased the
seismic coefficient from 0.05 g (previously recommended) to 0.18
g. Using these higher values in liquefaction studies for this
proposed embankment indicated that the foundation is inadequate
with respect to dynamic loading.

The constructed dam design is founded on rock with the exception
of the upstream shell, which is partially founded on the
downstream slope of the permanent cofferdam. Analysis of this
design indicated that it is adequate for both static and dynamic
loading. The embankment is approximately 855 feet long and has a
crest elevation at 681 msl (without camber), which is 160 feet
above the bedrock foundation at elevation 521 msl. The upstream
embankment slope is IV on 3H, with a 12-foot bench at elevation
635 msl, while the downstream slope is IV on 2H. The embankment
consists of processed sandstone, sandstone rockfill, and random
rockfill zones upstream and downstream of an impervious clay
core. An inclined and blanket drain, located downstream of the
impervious core, will provide seepage control. The dam
foundation treatment, which will also control seepage, included a
foundation grout curtain, dental concrete, and dental grouting.
(See Appendix 12-05 for cross section of dam embankment)

3. DEWATERXNG SYSTEM

A dewatering system for the overburden was required to
accommodate the construction of the revised dam and cofferdam
design, as mentioned above. This system allowed overburden
excavation to be performed in the dry. The overburden excavation
included the area of the cofferdam to elevation 570 msl, and
total removal of overburden to the top of rock at and downstream
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of the dam core. The dewatering system consisted of slurry
cutoff trenches upstream and downstream of the excavation with a
series of predrainage and dewatering wells within the excavated
area. The slurry trench was constructed to the top of rock with
a width of 3 feet and had a soil-bentonite backfill. The purpose
of the slurry cutoff walls was to inhibit groundwater flow from
the alluvial sands into the work area. These slurry cutoff walls
significantly reduced dewatering requirements and pumping time
for the numerous dewatering wells or systems that would have
otherwise been necessary. (See Section 5-02 for description of
dewatering provisions.)

4. INTAKE STRUCTURE

In the future, the intake structure and outlet works could be in
contact with a chloride-dense water caused by petroleum
production in the drainage basin. This problem will be mitigated
by the enforcement of existing environmental laws. As a
precaution to this corrosive water the design of the intake
structure included several protective measures. The reinforcing
steel, placed within the intake structure below elevation 635
msl, was covered with epoxy and the tie wire and ancillaries
coated with nylon. The hydraulic pipes were required to be
stainless steel below 645 msl. Most embedded and exposed ferrous
surfaces below 635 msl were coated with two coats of epoxy zinc-
rich paint and two coats of coal-tar epoxy. Other protected
metals in the intake structure below elevation 635 msl include
corrosive-resistant steel for screens exposed on the exterior,
and a vinyl paint system for selective-withdrawal and main-sluice
maintenance bulkheads.

The initial lift of the intake structure, above the base slab,
required additional forming. This additional forming was due to
a lower excavated rock elevation in the intake area than what
indicated on the design drawings. (See Appendix 12-03, for
modifications.)

5. FOUNDATION TREATMENT

Additional foundation treatment, beyond the designed plans and
estimated quantities, was required during construction to treat
the unanticipated broken zones in the dam foundation. (See
Section 3-02.c for a description of broken zones.) The
foundation treatments for these broken zones, found in the valley
bottom, consisted of additional foundation curtain grouting,
dental concrete, and rock excavation. Modifications to the
foundation grout curtain were needed to prohibit groundwater
movement through, and to consolidate, these horizontal broken
zones. The modified design of the grout curtain called for two
additional grout lines at a depth of 35 feet located at 37 feet
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upstream and 20 feet downstream of centerline, from station 5+05
to 7+35 and 4+95 to 6+75 respectively. Dental concrete placed to
isolate these broken zones from-the impervious core totaled 585
cubic yards, which was greater than the total estimated
quantities (300 cubic yards) cited in the contract. An
additional 22 holes were drilled and grouted to seal the rock
contact with this dental concrete. (See Section Nine for
description of foundation treatment.) The rock excavation,
needed to expose and treat these broken zones, totalled
approximately 2,200 cubic yards and included pre-splitting and
line drilling. (For additional information on foundation
treatment see Appendix 12-01-H Dental Concrete, Appendix 12-02
Foundation Curtain Grouting, and Appendix 12-05 Exhibits.)
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SECTION FIVE -- DEUATERING PROCEDURES

1. DEWATERING PROVISIONS

The contractor was required to provide sufficient dewatering
equipment and to construct a dewatering system so that
construction activities could be performed in the dry. The
different aspects of the required dewatering system included
stream diversion, surface-water control, dewatering overburden,
and dewatering rock. The diversion of Blaine Creek was
accomplished through the combined use of a diversion channel,
ditches, and dikes; a cofferdam; and the dam outlet works. The
contractor was required to design, install, operate, and maintain
a system to control surface water and to unwater Blaine Creek
between the diversion dikes. This requirement was satisfactorily
fulfilled by the use of sand-bag dikes and strategically located
sump pumps. Dewatering overburden required the contractor to
install the designed minimum dewatering system. This dewatering
system included dewatering and predrainage wells, piezometers,
and slurry cutoff walls. Dewatering rock was partially
accomplished by means of sump pumps and dental concrete.

2. DEWATERING OVERBURDEN

a. General. The excavation of the overburden to top of
rock, in the valley floor of the dam foundation, required a
dewatering system that would reduce and maintain the ground-water
level to elevation 533 or lower. This system also required the
ground-water level to be lowered to elevation 565 or lower in the
sand formations underlying the excavation for driving the sheet
piling for the cofferdam. The contract specifications and
drawings set forth a minimum dewatering system consisting of
slurry cutoff walls; dewatering and predrainage wells, pumps, and
discharge header pipes; and monitoring systems, which include
piezometers and flow-metering equipment. (See Appendix 12-01.0
for additional dewatering information.)

b. Slurry Cutoff Walls. Two slurry cutoff walls were
constructed in order to inhibit ground-water movement through the
overburden and into the dam-site excavation. The slurry cutoff
walls were constructed by the subcontractor McClelland Services
Inc., from 30 July to October 1986. These walls were excavated
through the alluvial material to top of rock, with the length
extending the entire width of the valley bottom. The
installation of the slurry cutoff walls entailed excavating a 36-
inch vertical slurry trenc h, backfilling the trench with a soil-
bentonite mixture, capping it with a dry mix of bentonite and
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crushed rock and covering it with a geotextile, and placing
impervious fill over the fabric. The combined total area of
slurry cutoff walls constructed is approximately 58,200 square
yards.

The two slurry cutoff walls are located upstream and downstream
of the dam-site excavation. The upstream wall is located 450
feet upstream of dam centerline, extending from station 2+86D to
8+37D. This upstream wall has a parallel alignment with the dam,
except for a 140 downstream dogleg near the left abutment. The
main wall of the "Y"-shaped downstream wall is located 470 feet
downstream and has a parallel alignment with the dam centerline,
from station 2+OOD to 7+00D. The upstream leg of the "Y"
intersects the main wall at station 4+88D and extends from the
main wall 292 feet at 430 upstream toward the left abutment.
(For slurry wall location see Appendix 12-05, Exhibits.) An
approved Value Engineering (VE) proposal allowed the construction
of the two sections of the downstream wall to be done in a single
phase instead of the designed two-phase sequencing. (See Appendix
12-03, Modification.) The intersection of the upstream leg with
the main downstream slurry wall was modified to be constructed at
an angle instead of the designed curved intersection.

Excavation of the slurry cutoff walls began after the site
preparation was completed and the slurry-wall alignments were
marked. The trench excavation was completed by means of a
Koehring 1266D backhoe with an extended boom and a 36-inch Adco
rock bucket. The excavated trench ranged in depth from 0 to 62
feet. When large boulders were encountered, that could not be
excavated solely by the backhoe, a crane and chiseled-point drop
bar were used to break the boulders into excavatable pieces.
During excavation, a bentonite slurry was added to the trench and
the bentonite slurry level was maintained to within 1.5 feet of
the working surface. The bentonite slurry consisted of a mixture
of Sodium Bentonite, supplied by Federal Ore and Chemical Co, and
creek water. The bentonite slurry was prepared by means of a
"jet type" slurry mixer, pumps, header pipes, and settling ponds
located approximately 550 feet upstream of the dam centerline.
The slurry was mixed and tested to ensure that specified
viscosity, specific gravity, and sand content requirements were
met. (See Appendix 12-01-0 Dewatering System for specified
limits.) After a section or all of the trench had been
excavated, and before backfilling operation had begun, the trench
bottom was air lifted to remove any settled sand.

Backfilling of the slurry cutoff wall entailed filling the trench
with a soil-bentonite backfill mixture to witnin 1-foot of the
surface. The components of the backfill consist of in situ silty
sands, coarse sand supplied by Standard Slag, dry Sodium
Bentonite, and bentonite slurry. These components were
combined by means of an Erie-Strayer concrete batch plant and
mixed to meet specified gradation, 5 percent bentonite content,
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slump, consistency, and density. (See Appendix 12-01-0
Dewatering System for specified limits.) After the trench was
backfilled, it was capped with a dry mixture consisting of half-
inch and 1-inch crushed aggregate, sand, and 8 percent bentonite.
The trenches were then covered with Mirafi 600X geotextile and a
3-foot-thick layer of impervious core material.

The upstream slurry cutoff wall was constructed from July to
September 1986 with both excavation and backfilling proceeding
from the right to left abutment. The backfilling operation
entailed the batching of all backfill components by means of a
batch plant, the mixing and placement of backfill material by
means of concrete-mixing trucks, and pumping the displaced slurry
into storage ponds for use either in the downstream wall or in
the backfill mixture. The backfill for the upstream wall was
placed with a high slump (4 to 6 inches) because of the
difficulty encountered in removing the backfill material from the
concrete mixing trucks. The backfill operation was limited while
excavation was in progress, because of the low angle of repose (6
percent slope) of the placed backfill material and the slope of
the rock abutment, for which clearance could not be maintained
between the backfill and the toe of excavation. An approximate
area of 23,700 square yards of slurry-wall construction was
completed for the upstream wall.

After completion, a 2-foot surface settlement was noticed in the
impervious fill located over the upstream slurry wall in November
1986. This settlement occurred after the dewatering system was
completed and operational. The settlement may be due in part to
the high slumped backfill material placed in the trench, which
was then dewatered by nearby wells. The surface depression was
subsequently backfilled with impervious material.

The downstream slurry cutoff wall was constructed from September
to October 1986 with excavation proceeding from the left to right
abutment and backfilling, after excavation was completed, from
right to left abutment. The backfilling operation for the
downstream slurry cutoff wall consisted of batching the dry
components of the backfill by means of a concrete batch plant,
hauling the dry material next to the trench by means of dump
trucks, adding bentonite slurry from the trench to the dry
backfill mixture, mixing backfill material and placing it in the
trench, by means of a D-6 dozer, and pumping displaced excess
bentonite slurry to a designated spoil area near the batch plant.
The total area of the downstream slurry cutoff walls is
approximately 34,500 square feet.

During a period of high water in November 1986, Blaine Creek had
prematurely flooded into the diversion channel and damaged a
section of the downstream slurry cutoff wall. The damage
consisted of a notch being eroded where the wall crossed the
channel, backfill material being lost, and a surface depression
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near the diversion channel. Driving "Z" piling into the cutoff
wall was required to prevent any additional loss of backfill
material, and a geotextile and stone slope protection were added,
as called for in the VE proposal, to prevent additional erosion
during stream diversion.

c. Dewatering Wells. In order to lower the ground water at
the dam site to specified levels, the contract provided for the
installation of a minimum-designed dewatering well sxstem. This
system of wells was installed by a subcontractor, Stacon
Corporation, during a 2-month period from 15 August to 6 October
1986. The dewatering well system consisted of 33 dewatering
wells, power supply, and ground-water discharge systems. The
dewatering wells were equipped with submersible pump, sand
filter, wellscreen, and riser pipe. The ground water from these
wells was pumped into a series of headers, valves, meters, and 4-
to 8-inch steel pipes and was discharged into the diversion
channel at two separate points. The electricity for the 220V
single-phase submersible pumps was supplied by two temporary
power poles and standby power supplied by a generator. The
electricity was delivered by direct-bury cable to electrical
panels equipped with disconnect switch, fuses, starter, and
warning light. (For location and description of dewatering wells
see Appendix 12-05, Exhibits.)

The dewatering wells were installed after partial overburden
excavation was completed to approximate elevation 575 msl and
Elaine Creek was temporarily diverted through the dam outlet
works. Installation of the dewataring wells consisted of
drilling the well; placing filter sand, wellscreen, and casing;
developing the well; and completing the well. After their
locations were surveyed, the 24-inch-diameter wells were drilled
from the surface to top of rock using a Gus Peck "Super George"
bucket auger. After drilling, the 8-inch-diameter riser pipe and
wellscreen were assembled and installed along with the placement
of the sand filter. The well was then developed, which consisted
of: pumping well for 30 minutes, by means of a gas pump; surge
well, 15 trips at a 2 ft/sec rate, using a wench and surge block;
air lift bottom of well for 1 hour; test well capacity and the
sand content using gas pump and a Rossum sand tester; repeat
development if well tested with a scnd content above 5 ppm.
After development was completed, the filter sand was added to the
specified level and the well disinfected. Primarily the wells
were backfilled above the filter sand with in situ sands,
although the wells upstream of the cofferdam were backfilled with
a bentonite-cement mix. The well was completed after the Grunfos
model SP6-6 submersible pump was installed and connected to the
power supply and ground-water discharge system and a final sand-
content test was performed.

Problems encountered during the various stages of dewatering well
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installation were minor and did not affect the overall
performance of the dewatering system. A problem that came about
due to encountering boulders while drilling along the right
abutment resulted in one well being relocated to a nearby
location. Problems during development included a well, located
toward the left abutment, having a low water yield and high sand
content due to the fine-grained material in which it was rlaced.
During backfilling operations, the PVC riser pipes were slightly
deformed for some wells located upstream of the cofferdam. This

(. deformation was caused by the high hydrating temperature of the
backfill, due to the lack of specified sand in the mixture. The
instrument panels for the wells located upstream of the cofferdam
were later relocated to the top of the cofferdam to prevent
damage during periods of flooding. The ground water encountered
had a high iron content, which quickly discolored the transparent
headcr section at each well.

The dewatering wells were successful in controlling the ground
water so that overburden excavation could be performed in the
dry. As the overburden excavation progressed, the wells located
within the future fill area were systematically removed when they
became inoperative until, finally, only the wells located
directly upstream and downstream of the cofferdam remained in
operation. At the ccmpletion of overburden excavation, ground-
water seepage was noticed in the lower gravel layers at the
downstream overburden slope located approximately at station 5+40
to 5+80, 300 feet downstream of the dam centerline. This seepage
was controlled by means of a 30-inch diameter sump, which
extended through the random rock fill and was later backfilled
with rock when no longer needed.

d. Monitoring System. In order to determine the
effectiveness of the overburden dewatering system at the dam
site, a monitoring system was installed. The monitoring system
consisted of piezometers, water meters, and inspection features
at the individual dewatering wells. A series of 13 open-tube-
type piezometers was installed in the area around the dewatering
wells. (For piezometer locations see Appendix 12-05, Exhibits.)
Water meters were installed at each of the two ground-water
discharge points in the diversion channel. These meters measured
the flow rate and total gallons discharged for the dewatering
well system. Monitoring the individual dewatering wells was
accomplished through the use of various inspection features at
the well. These features included additional valves and tees to
allow testing for flow rate and sand content, a 12-inch
transparent header section to allow visual flow inspection, a
well cap with a hole for sounding, and a warning light to
indicate when the pump is off. The prime contractor read the
monitoring system periodically and recorded the results.

The series of 13 piezometers was installed at the dam site from 3
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September to 6 October 1936 by Triad Engineering Drilling and
Services Co., a subcontractor of Stacon Corporation. Theinstallation of these piezo-elers include: survey piezozeterlocations; set casing; install tip, riser pipe and filter sand;

backfill and cap piezozeter; and perforr pt--7-in test.Piezoneters were located in accordance with the contract drawings

with the exception of piezoz-eter "H" which was placed downstream
of its designed location. The casing was set to rock by reans of
a Mobil drill and using augering and driving techniques in
co=!bination. The 5-foot plastic porous tip with riser pipe and
filter sand was installed, with the casing being lifted as the
filter sand was being added. The remaining hole was backfilled
and capped according to specifications. The piezom-eter was then
considered acceptable if the results of the pump-in test were 2
gpm or greater.

3. DEWATERING ROCK

After overburden excavation was completed at the dam site, ground
water was obse.ved seeping from the bedrock surface through
joints and bedding planes. Since the overburden dewatering
system was ineffective in controlling this type of water flow,
additional dewatering measures were required. The measures to
control this water flow consisted primarily of sumps, dentalconcrete, and foundation grouting. (See Section Nine for

additional dental concrete and foundation grouting information.)
These additional dewatering measures were required in the dam
core area to prevent ground water from the rock foundation coming
in contact with the impervious core material during and after
placement. Rock features, within the dam core area, that
produced ground water at the surface included a horizontal broken
zone, located in the valley bottom; a shale seam, located in the
valley bottom; and various bedding planes, located along the
abutments.

The highest quantity of ground water encountered at the rock
surface was emitted from a near-horizontal broken zone. This
zone is located in the valley bottom, within the dam core, from
station 5+40D to 6+00D, at elevation 521 to 518 msl. (See
Section 3-02.c for aescription of broken zone.) In October 1987,
after final rock excavation was completed, this ground water was
controlled by embedding, in dental concrete, two 30-inch
perforated metal pipes for sumps. These sumps were located
outside the impervious-core limits, near areas of high water in-
flow, at station 5+78D, 57 feet U/S and at station 5488D, 16 feet
D/S. After foundation grouting was completed, the upstream sump
failed to produce water, at which time it was backfilled with
concrete. In March 1988 a third pipe was embedded in dental
concrete to control this water, located at station 5+51D, 61 feet
U/S. The two operating sumps were then pumped during embankment
placement and were extended through the rockfill until the static
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water level was exceeded. At that tire the su-ps were backfilled
with concrete.

Other areas of ground water seepage from the bedrock, within the
da-n core area, included a shale/sandstone contact in the valley
bottom and various bedding planes along the abutnents. Very
light ground water seepage and wetting was observed along various
bedding planes within the thin interbedded shale, coal, and
sandstone r-nebers along both abutments from elevations 535 to 565
nsl. Shis seepage was not significant enough to warrant
deuatering, although the curtain grouting partially sealed this
water from the core area. A light ground-water seepage, < I gpm,
was encountered at the lower contact of a 6-inch shale sean with
sandstone near dan centerline at station 4+50D, elevation 527
nsl. This ground water was initially controlled, in April 1988,
by reans of an 8-inch-diameter stand pipe with gravel packed
around its base just prior to embanknent placement. Later it was
decided to further treat and isolate this water from the core.
This additional treatment required removal of the overlying
impervious core and entailed: further excavation of the shale
seam, placing dental concrete, and embedding the 8-inch-diameter
stand pipe in the concrete near the seepage. This pipe was then
extended through the impervious core to its hydrostatic level and
was backfilled with concrete and dry cement.
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swrCTIO six - Kxc3LVMLIOX PROCRDUREB

1. GEHA)L

a. Construction Sequence And Stream Diversion. The
contract specifications for construction of the Yatesville Dam,
Phase 2, required a specific sequence, which was slightly
modified during construction. The specified sequence was divided
into two sections, Pre-diversion and Post-diversion, referring to

the diversion of Blaine Creek through the outlet works. (See
Appendix 12-01 F for Chronological Sequence of Construction.)
The embankment season for this contract was specified as the
period from 1 May to 1 December.

The major constructed pre-diversion sequence included (1)
temporarily diverting Blaine Creek through the existing outlet
tunnel, (2) excavating diversion channel, (3) partially
excavating overburden and rock at the dam site, (4) constructing
slurry cut-off walls, (5) installing dewatering wells, (6)
constructing diversion dikes, (7) diverting Blaine Creek through
the diveision channel, (8) completing cofferdam cells 1 through 6
and monoliths 1 through 4, (9) excavating the spillway, (10)
continuing to excavate overburden at the dam site, (11)
completing stage IV cofferdam berm, and (12) completing the
intake structure to elevation 619.

The major constructed post-diversion sequence included (1)
diverting Blaine Creek through the outlet works, (2) excavating
the right diversion channel wall, (3) completing the cofferdam,
(4) completing overburden and rock excavation at the dam site,
(5) performing foundation treatment, (6) excavating borrow areas
and placing the dam embankment, (7) completing the dam
embankment, intake structure, access and service roads, and
maintenance building.

b. Diversion Channel Excavation. The diversion channel was
excavated through rock and overburden along the left dam
abutment. The diversion channel permitted simultaneous
construction of the intake structure to elevation 619 as well as
cofferdam construction and overburden excavation at the dam site.
Blaine Creek was diverted through the channel for a period of 9
months, from November 1986 to August 1987. The channel was
approximately 1,000 feet in length and had a base width of 30
feet at elevation 574. The channel was founded primarily on rock
although the downstream sections were partially excavated through
overburden.
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Rock excavation for the diversion channel began with systematic
drilling and blasting in May 1986 and was completed in July 1986.
(See Section 6-04 and Appendix 12-01.J for additional blasting
information.) The 4V on 1H sloped faces of rock excavation in
the upstream half were accomplished by means of the presplit
method using 30-inch center-to-center spacing. The presplit
walls varied in height with an approximate maximum of 70 feet
along the left wall and 30 feet along the right wall. The
excavation was benched at elevation 604 along the left upstream
wall. The shot rock was excavated and hauled to a designated
spoil area. The right wall of the diversion channel was
excavated during post-diversion construction from August to
September 1987 for cofferdam construction and dam excavation.
The shot material from the right wall was used as 24-inch
sandstone rockfill and placed downstream of the cofferdam.

Overburden excavation for the diversion channel consisted of
stripping the residual soils on the left abutment, completed by
means of dozers, and removing overburden along the downstream
sections of the diversion channel, completed by means of
backhoes. The excavated overburden material was removed to Spoil
Area No. 4. Overburden exposed on the sidewalls of the diversion
channel was excavated to an IV on 2H, and stone slope protection
was applied.

Rock encountered during excavation was of the Homewood and
Coalburg sandstone members. Although no significant problems
were encountered during rock excavation, minor rock breakage
occurred in areas of high angled joints with alignments parallel
to the presplit face. Overburden material consisted of a bluish-
gray sandy clay and light brown silty sand. Significant ground
water was not encountered, and run-off water and Blaine Creek
were controlled by means of pumps and temporary dikes.

c. Cofferdam Excavation. Both rock and overburden
excavation were required for construction of the cofferdam. The
function of the cofferdam was to provide flood protection during
dam construction and to serve as a partial foundation for the
upstream dam embankment shell. The cofferdam is located upstream
of and has a parallel alignment with the dam. The cofferdam
consists of (1) sheet pile cells, (2) concrete monoliths, (3) and
a downstream concrete slope. (For additional cofferdam
description, see Section 4-01 and 7-01.)

Rock excavation for the cofferdam was limited to the foundations
for concrete monoliths, located on the abutments, and the key for
the downstream concrete slope. Along the right abutment,
monoliths 1 through 4 and the closure areas were systematically
drilled and blasted during July and August, 1986. Approximately
1,400 cubic yards of rock was excavated from these four monoliths
and the cell No. I closure area. The vertical rock faces of
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these monoliths, against which concrete was to be placed, was
accomplished by means of the presplit method using 18-inch
center-to-center spacing. After diverting Blaine Creek, the
right wall of the diversion channel was excavated to permit the
installation of cofferdam cell No. 7 and monoliths 5 and 6. The
rock excavation of this diversion channel wall was accomplished
by means of production drilling and blasting during August and
September 1987. Concrete monoliths 5 and 6 were founded on the
left diversion channel wall. (See Section 6-01.b for Diversion
Channel Excavation.) A 2-foot-deep key into rock was required at
the toe of the concrete slope located downstream of the cofferdam
cells. This key was partially line-drilled, and approximately 92
cubic yards of structural excavation was performed in July 1987
by means of a Cat 245 backhoe and hand tools.

Overburden excavation at the cofferdam was for the most part
accomplished by means of backhoes and hauled to Spoil Area 4.
The overburden excavation began in May 1986 with the removal of
material from the flood-plain surface to elevation 575. During
September 1986, after the dewatering system in the cofferdam area
was installed, the overburden was excavated to elevation 570 and
the driving of sheet piling for the cells began. A limited
amount of overburden excavation was needed in order to remove
large boulders encountered during sheet-pile driving. After
cofferdam cells 1 through 6 were completed, the overburden was
excavated downstream of the cofferdam. This excavation consisted
of a 1V on 2.5H slope from elevation 575 to top of rock, and was
completed in June 1987.

The cofferdam's concrete monoliths were founded on massive
sandstone of the Homewood and Coalburg Sandstone members. Most
of the overburden encountered consisted of a light brown silty
sand. No significant problems were encountered during overburden
or rock excavation. The ground water was controlled during
overburden excavation by means of dewatering wells and sump
pumps.

d. Dam Site Excavation. Excavation at the dam site
required the removal of overburden to the top of rock and to
excavate the presplit rock slopes within the dam core area. The
dam is located approximately 18.5 miles upstream of the stream's
confluence and has an alignment of N 87032'W. This dam consists
of a central impervious core and outer rockfill zones. The area
of dam-site excavation extended from dam station 1+20 to 9+75 and
from elevation 518 to 681.

Rock excavation at the dam site was performed from June 1986 to
November 1987 by systematic drilling and blasting methods. (For
additional blasting information see Section 6-04 and Appendix 12-
01-J.) An approximate total of 109,400 cubic yards of rock was
excavated from the dam area, including rock excavation for the
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diversion channel and excluding boulders encountered during
overburden excavation. The presplit rock faces, within the
central core area of the dam, were excavated on a 1V on 1H slope
using 30-inch center-to-center spacing. The bench locations were
established from information gathered from rock surface
conditions, cross sections, and exploratory drill logs.

Presplit and production blasting began on the left abutment, at
elevation 679 in May 1986, and was stopped at elevation 608 in
June 1986. The remaining rock excavation at the left abutment,
from elevation 608 to 526, was performed after stream diversion
in August 1987 and was completed in October 1987. Eleven benches
were excavated in the left abutment, located at approximate
elevations 648, 630, 603, 590, 569, 563, 557, 545, 538, 534 and
526.

Blasting at the right abutment began from elevation 671 to 735
between July and September 1987. Rock excavation at the right
abutment resumed in August 1987, from elevation 573 to 526, and
was completed in September 1987. Eleven benches were excavated
in the right abutment, located at approximate elevations 644,
620, 594, 573, 565, 558, 553, 545, 536, 532 and 526.

Additional rock excavation was required in areas where unusual or
poor rock conditions had existed. A shale seam, located at the
left abutment from elevation 612 to 615, was line drilled in
August 1987 and later treated with dental concrete. Weathered
sandstone cliffs and overhangs, located directly upstream of the
dam on the right abutment, were presplit at a high angle from
approximate elevation 670 to 645. Horizontal broken zones within
a sandstone member, located in the valley bottom, required
additional rock excavation. This excavation included presplit
and production blasting from elevation 526 to 521, and line
drilling and mechanical excavation from elevation 521 to 518.
High angled open joints, located within the dam core area, with a
north-south orientation, were discovered after preliminary
drilling and blasting were completed in that area. Additional
drilling and blasting were then required to remove these joints,
located on the right abutment at elevation 567 to 573 and on the
left abutment at elevation 535 to 538.

The bedrock encountered during dam-site rock excavation consisted
of members of the Breathitt Formation, which includes, in
descending order, (1) Homewood/Coalburg Sandstone members, (2)
interbedded sandstone/shale member, (3) Broas Coal Zone, and (4)
Upper Winifred Sandstone member. (For a description of rock, see
Section 3-02.b, Stratigraphy.) The massive sandstone of the
Homewood/Coalburg members was excavated with extensive slopes (10
to 30 feet, vertical height) and narrow benches (5 to 15 feet in
width). The interbedded sandstone/shale member was excavated
with snorter slopes (3 to 10 feet in height) and wider benches
(10 to 30 feet in width). The Broas Coal beds were excavated in
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the slope faces and later treated with dental concrete. The
Upper Winifred Sandstone extended across the relatively flat
valley bottom. (For cross section of dam, see Appendix 12-05,
Exhibits.) The ground water encountered during rock excavation
at the dam site was primarily controlled by means of sumps and
pumps. (See Section 5-03 for Dewatering Rock)

Overburden excavation at the dam site consisted of removing soils
on the abutments and overburden in the floodplain. The thickness
of the soils on the abutments ranged from 0 to 5 feet and was
excavated by means of dozers. The thickness of overburden in the
floodplain ranged to a maximum of 65 feet. This material was
excavated by means of backhoes assisted by dozers and front-end
loaders and removed to Spoil Area 4. Approximately 621,700 cubic
yards of primarily silty sands was excavated from the dam area.
(See Section 3-02.g for Description of Overburden.)

Partial overburden excavation in the floodplain to approximate
elevation 575 and the stripping of soils on the abutments began
in May 1986. During this excavation, the topsoil was stockpiled
for later use and a portion of the sands was stockpiled for use
in the slurry-wall backfill. Overburden excavation resumed in
May 1987, from elevation 575 to top of rock. This excavation
proceeded from upstream to downstream with top of rock exposed in
the valley bottom from 90 feet upstream to 300 feet downstream of
the dam centerline. The upstream overburden slope was excavated
to 2.5H on IV, and the downstream slope to IV on 2H. Occasional
large boulders, totaling approximately 22,000 cubic yards, were
encountered during overburden excavation, primarily toward the
left abutment. Boulders too large to be loaded with backhoes
were drilled and shot. Ground water during overburden excavation
was controlled primarily by means of the dewatering wells. (See
Section 5-02 for Dewatering Overburden.)

e. Spillway Excavation. Spillway excavation included
stripping the overburden and then drilling and blasting the rock
encountered. The spillway, an uncontrolled type, was cut through
a natural low gap in a ridge located on the right valley wall
approximately half a mile east of the dam. The finished spillway
excavation is approximately 440 feet long by 114 feet wide, which
is 4 feet wider than designed. The spillway crest, at elevation
645, is a 5-foot-wide by 3-foot-thiuk concrete sill anchored into
bedrock. A steel-girder and concrete-deck access road bridge
spans the spillway with its inclined legs founded on the spillway
walls.

Rock excavation for the spillway began in August with systematic
drilling and blasting from approximate elevation 675 to 645, and
was completed in May 1987. The shot rock was excavated by means
of backhoes, end loaders, and dozers, and was removed by end dump
trucks to Spoil Area No. 1. An approximate total of 40,000 cubic
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yards of rock was drilled and blasted in the spillway. The
spillway walls were presplit on a 2V on 1H slope using 30-inch
center-to-center spacing. The spillway walls were overexcavated
by 2 feet at its base in places, widening the designed spillway
of 110 feet to 114 feet. This overexcavation was due to
misalignment of presplit drilling and the soft nature of the
shales encountered. The spillway floor was mechanically
overexcavated 1 to 2 feet below designed elevations as a result
of the soft shales. This overexcavated area was replaced with
compacted impervious fill to designed elevations and grade.
Approximately 40,000 cubic yards of rock was excavated from the
spillway.

Other areas of rock excavation in the spillway include the sill
foundation and the inclined leg foundation. The spillway sill
was line-drilled on 26 May 1987, and approximately 61 cubic yards
of rock was mechanically excavated on 4 June 1987. Due to the
overexcavation of the spillway floor, the sill was embedded only
1 to 2 feet into rock instead of the designed 3 feet, although
the stability of the sill is enhanced by foundation anchors.
Excavation for the spillway bridge inclined-leg foundation,
located on the sidewalls, included presplitting on 18-inch
center-to-center spacing and line-drilling the top keys, bottom
keys, and pedestal keys. After presplitting was completed and
production excavation permitted access, the various keys were
line drilled during May and June 1987. Approximately 140 cubic
yards of rock was mechanically excavated in the inclined leg
keys. Overexcavation of the spillway walls, as mentioned above,
increased the concrete thickness for the inclined-leg foundations
at its base. (See Appendix 12-03, Modifications.)

The rock encountered during excavation included the Lower
Kittanning shales member, and the Richardson coal zone. The
bedrock in the spillway has a slight dip toward the upstream with
a small syncline located on the left wall at station 3+60S and a
normal fault located on the right wall at station 4+40S. The
soft shales posed a problem with overexcavation in the sidewalls
and floor of the spillway as well as differential weathering,
which is severe in the area of the normal fault. (For geologic
conditions encountered see Section 3-05.b) Ground water or
surface water did not pose a significant problem during rock
excavation, although ground-water seepage was encountered at the
base of a thin sandstone bed at approximate elevation 670.

Overburden excavation in the spillway began in August 1986, after
the clearing operation and exploratory drilling were completed.
This material was excavated and removed to Spoil Area No. 1.
Approximately 43,000 cubic yards of overburden material was
excavated for the spillway. The overburden excavation extended
from the surface to a thin sandstone bed at approximate elevation
675, where a 20-foot bench was excavated. The overburden above
this bench was excavated to a 1V on 2H. Nearly 600 cubic yards
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of overburden excavation was required to found the spillway
bridge abutments on rock at the designed elevations. The
overburden material encountered consisted primarily of residual
soils and severely weathered shales. No significant problems
were encountered during overburden excavation.

f. Borrow Area Excavation. Both rock-borrow and
impervious-borrow excavation were required during the contract
for dam embankment, diversion dikes, access and service roads,
and various fill areas. Rock used for fill was excavated from
Rock Borrow Area No. 1, located on the right dam abutment from
elevation 870 to 755. Material for areas requiring an impervious
fill was excavated from Impervious Borrow Area No. 1, located on
the floodplain in an abandoned stream meander approximately 1/2
mile Southeast of the dam. Most of the materials excavated from
these borrow areas were used during the placement of the dam
embankment, from March to September of 1988.

Rock-borrow excavation began in September 1986, after clearing
operations were completed and 71,100 cubic yards of overburden
was removed, and was completed in September 1988. The rock
borrow area was excavated by systematically drilling and
blasting. The shot rock was mechanically excavated and was
hauled to its designated area. The areas that required material
from rock-borrow excavation include the dam embankment, access
and service roads, and rock spall protection. Rockfill zones
within the dam embankment include random rockfill, sandstone
rockfill and processed sandstone. Excess material from the rock
borrow area was hauled to Spoil Area No. 4. Approximately
929,700 cubic yards of rock was excavated from Rock Borrow Area
No. 1.

The rock members that were excavated from Rock Borrow Area No. 1,
in descending order, include the lower members of the Conemaugh
Formation and the East Lynn Sandstone and Lower Kittanning Shales
member of the Breathitt Formation. Most of the material from the
Conemaugh Formation was hauled to Spoil Area No. 4, with a
smaller quantity place in the downstream random rockfill area of
the dam embankment. Most of the material excavated at the rock
borrow area and used for fill was from the 50-foot-thick East
Lynn Sandstone member. Approximately 5 to 10 feet of the upper
section of the Lower Kittanning Shale member was excavated and
used for random rockfill and random fill or was hauled to Spoil
Area No. 4.

Impervious-borrow excavation began in July 1986 and was completed
in September 1988. Most of this material was excavated and was
used in the impervious core of the dam embankment from March 1988
to September 1988. The impervious-borrow excavation was
preformed by scrapers with the surface being occasionally disked
or broken by means of dozers or graders to obtain the optimum
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moisture content. This material was then hauled to designated
areas that required impervious material, including the impervious
core of the dam embankment, the 3-foot impervious blanket placed
upstream of the cofferdam, and the upstream and downstream
diversion dikes. Approximately 345,800 cubic yards of material
was excavated from Impervious Borrow Area No. 1. The excavated
impervious-borrow material consisted primarily of silty clay and
clay. This impervious material was tested after placement and
compaction by contractor and Government personnel.

2. OVERBURDEN EXCAVATION

Overburden, or common, excavation was required at the dam-site,
spillway, and rock-borrow area. The largest quantity of
overburden excavation (80%) was performed in the dam-site area,
which includes the dam foundation, cofferdam, and diversion-
channel areas. The material encountered consisted primarily of
residual soils at the spillway, rock-borrow area, and dam
abutments; and alluvial material at the dam foundation. The
overburden excavation in these areas began after clearing
operations were completed. This overburden was primarily
excavated and loaded with the use of Cat 245 backhoes or front-
end loaders and was assisted by dozers along the abutments. This
excavated material was either loaded onto Cat 773 end dump trucks
and hauled to specified spoil areas or was stockpiled for
alternative uses. A total of 787,182 cubic yards of overburden,
or common, excavation was performed in these areas.

Overburden excavation was also required to remove impervious
material to be used in the dam embankment and diversion dikes.
This material was excavated from Impervious Borrow Area No. 1.
The excavation was completed primarily by means of Cat 623 and
632 scrapers with the ground surface being disked with the use of
dozers and graders. The material encountered consisted of silty
clay from floodplain deposits. A total of 345,796 cubic yards of
impervious excavation was preformed in Impervious Borrow Area No.
1.

3. ROCK EXCAVATION

Rock was defined in this contract as that material that would
require removal by systematic drilling and blasting, loose
boulders and rock one cubic yard or more in volume, and earthlike
materials encountered below the top of rock. The rock excavation
performed during this contract was divided into three categories:
rock excavation, rock-borrow excavation, and structural
excavation.

Rock excavation was required for various proposed structures to
establish a sound unweathered foundation and to remove rock to
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the proper line a..d grade as shown on the contract drawing or
otherwise specified. The various structures addressed in this
contract that required rock excavation include the dam
foundation, spillway, cofferdam, and diversion channel. After
mechanically removing overburden and severely weathered top of
rock, the solid rock to be excavated was systematically drilled
and blasted. The shot rock was excavated by backhoes and end
loaders assisted by dozers. This material was then hauled by
truck to specified spoil areas. A total of 173,323 cubic yards( of rock was excavated for these various structures.

Rock-borrow excavation was defined as consisting of rock being
excavated from designated rock-borrow areas. Rock borrow
excavation during construction was limited to Rock Borrow Area
No. 1. After clearing and overburden excavation were completed,
this rock was systematically drilled and blasted. The shot rock
was excavated by backhoe and end loaders assisted by dozers.
This material was then hauled to be used in the various rockfill
areas or placed in Spoil Area No. 4. A total of 929,669 cubic
yards of rock was excavated from Rock Borrow Area No. 1.

Structural excavation is defined in this contract as rock
excavation that requires hand excavation or additional care and
control of mechanical excavation and blasting. This type of
excavation was required for tight enclosed line-drilled
foundations, which include the bottom spillway inclined leg keys,
the spillway sill, the service-bridge abutment, and the
downstream concrete cofferdam berm key. A total of 436 cubic
yards of rock was excavated in this manner.

4. SYSTEMATIC DRILLING AND BLASTING

The bedrock foundations for various structures at the project
required systematic drilling and blasting to facilitate
excavation and obtain the specified line and grade. To obtain a
smooth sloped surface of the proper dimensions, line drilling and
pre-splitting methods were used. Production drilling and
blasting methods were used to remove the inner rock mass from the
preformed foundation slopes. The explosives used for blasting
were manufactured by Atlas Powder Co., supplied by Eastern
Kentucky Explosives, and stored in magazines at an isolated area
of Spoil Area No. 1. These explosives were used in accordance
with the manufacturer's specifications, and under the supervision
of a licensed blaster. All blasts were monitored and recorded by
means of a digital seismograph. (See Appendix 12-01 J.,
Explosives Data.)

Line drilling, under this contract, consisted of drilling
vertical holes with air-track drills using 3-inch-diameter bits
and 6-inch center-to-center spacing. Foundations that required
line drilling include the top, bottom and pedestal keys for the
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spillway inclined legs; the spillway sill; the service-bridge
abutment; and the key trench for the downstream cofferdam
concrete berm. A total of 2,221 square feet was drilled for
these various foundations. Not included in this figure is the
additional line drilling that was required for dental treatment
in the dam core foundation. This additional line drilling was
used for the treatment of a 3-foot shale seam on the left
abutment and a I- to 2-foot-thick horizontal broken zone in the( valley bottom.

Pre-splitting was periormed to develop the final rock surface of
the dam core foundation, spillway sidewalls, cofferdam abutments,
and sidewalls of the diversion channel. The final surfaces were
cut on slopes that ranged from 1V on 1H to vertical. The pre-
split holes were drilled with air-track drills using 3-inch
diameter bits with a distance of either 30 inches from center to
center or 18 inches, which was required in those areas where
concrete would be in contact with the pre-split surface. These
holes were loaded primarily with cartridges of "Kleen-Kut"
explosive with the shot being initiated by a single electric
blasting cap taped to one end of the detonating cord. An average
pre-spilt powder factor of 0.11 pounds per square feet was
produced for the job, and provided successful results.

After the rock exc,,vation outline for the various foundations in
the spillway and dam area had been inscribed by either the line-
drill or pre-split method, the inner rock mass was removed to
line and grade, where applicable, by production drilling and
blasting. Production drilling in these areas was performed with
air-track drills using 3-1/2-inch bits with patterns ranging from
4 feet by 4 feet to 8 feet by 8 feet at variable depths. These
holes were loaded primarily with either bagged ANFO or "Apex"
cartridges primed with "Atlas Power Primer". These holes were
then shot using a variable delay system. The average production
powder factor, for excavating approximately 150,000 cubic yards
of rock from these areas, was 0.96 pounds per cubic yards.

Production drilling and blasting were required for the excavation
of Rock Borrow Area No. 1. These production holes were primarily
drilled vertically with air-track drills using 3-1/2-inch bits in
8 feet by 8 feet or 9 feet by 9 feet patterns at depths of 20 to
45 feet. These holes were loaded with bulk ANFO and were primed
with one or two "Atlas Cast Boosters." The explosives were shot
through a variable-delay electric blasting-cap system. A total
of 930,000 pounds of explosives were used in Rock Borrow Area No.
1, which produced an average powder factor of 1.0 pounds per
cubic yards.

5. FOUNDATION PREPARATION

The bedrock foundation preparation for the various structures was
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performed in order to provide an adequate surface for the
placement of the specified material. These materials included
impervious core, rockfill, sand drains, and concrete. Foundation
preparation began after rock or overburden excavation was
completed, and consisted of obtaining an acceptable, sound
foundation and performing cleanup operations. No separate
payment was made for foundation preparation, with the cost being
included in the price for the overlying excavation.

Extensive foundation preparation was performed in the dam core
(area, which includes foundations for the impervious core,

processed sandstone, and an inclined drain. This preparation
began with preliminary cleanup, using hand tools and compressed
air, immediately after drilling and blastirg were completed.
This cleanup was necessary to inspect for detrimental rock
conditions that may require further rock excavation and to create
an adequate surface for foundation grouting. Prior to placing
embankment, this foundation was cleaned again with water and/or
compressed air. The foundation was then inspected to ensure that
the rock was reasonably smooth, with an unweathered surface free
from loose, drummy, porous, or shattered rock. Detrimental rock
was then removed by means of hand tools and jack hammers. At
this time any additional foundation treatment was performed on
defects such as fractures, joints, or weathered bedding planes.
Final cleaning with water and/or compressed air was performed on
these foundations immediately before placing embankment.
Foundation preparation for the dam foundation outside the pre-
split core area consisted of mechanically cleaning overburden
material from the top of rock. After preparation was completed,
the dam foundation was photographed and mapped.

Foundation preparation for rock surfaces that would be in contact
with concrete was performed after systematic drilling and
blasting were completed. These foundations included cofferdam
abutments and downstream concrete berm key; spillway inclined
legs, abutments, and sill; and service-bridge abutment. This
foundation preparation included meticulous cleaning of the rock
surface and the removal of any loose, drummy, or detrimental rock
by picking and barring. After preparation was completed, these
foundations were photographed and mapped.

6. RECORD OF FOUNDATION APPROVAL

Four ation inspections were performed daily in regard to concrete
and embankment placement on rock and rock excavation. This
inspection entailed a visual check of structural and lithological
aspects of the rock surface and assurance that the foundation was
ex(-vat,, to specified lines and grades and that the proper

),' on treatment and preparation was applied. In addition to
t'. . 'ace. ina rctions were also made to ensure proper

-. s, reinforcing steel, and concrete
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forms in those specified areas. The contractor was then required
to correct any detrimental conditions encountered during the
inspection. After final foundation preparation and treatment
were completed, the rock was measured, mapped, and photographed
for permanent record. As a result of the inspections, the
foundation was approved orally before embankment or concrete was
placed.

Regularly scheduled inspections of foundation conditions were
required by Engineering and Construction Division personnel.
These inspections were made for approval and consultation on
matters of crucial foundation conditions, unusual conditions,
variations in specifications due to foundation work, and to
ensure that proper construction and safety practices were
observed. The observations were expressed orally and noted in
the Memorandum for Records placed on file. (See Appendix 12-04,
Correspondence.)

7. SAFETY

Safety precautions required during the construction program
included (1) the installation of wire mesh on pre-split rock
surfaces above the left cofferdam abutment; (2) the installation
of scaffolding, safety lines, and tuggers for drills during
foundation grouting; (3) the scaling of loose or unstable rock
from excavated surfaces; (4) the excavation of overhanging rock
on the right abutment of the dam to a smooth pre-split face; (5)
the barricading of open excavation from traffic; (6) the
excavation of cofferdam concrete abutments from elevation 621 to
616 to prevent a future water hazard after impoundment.

Other than the above special requirements, the applicable safety
regulations as described in the Safety Manual EM 385-1-1 were
followed throughout the construction program.
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SZCTIOX SEVEN - Pnz D IVE

1. C027EDAN

Pile driving was required to construct the cellular sheet-pile
cells for the cofferdam. The cellular cofferdam is located
upstream from and is aligned parallel with the dam. The
cofferdam consists of seven sheet-pile cells -ith connecting
arcs, located in the valley, with the crest at- elevation 616.
(See Section 4-01 and Appendix 12-05 for loca, on and description
of cofferdam.) Each of these cells are 62.68 feet in diameter
and consists of 120 sheets. This sheet piling included flat
sheet piling; 300 wyes, used to attach the connecting arcs to the
cells; and 900 tees, used at the concrete closures with bedrock.
The connecting arcs have a 13.46-foot radius and consist of 25
sheets each. The piling was driven from elevation 570 to 540 or
top of rock. All piles were high-strength PS 31 sheet piling
manufactured by Bethlehem Steel Corporation. The 300 wyes were
modified to reinforce the original design, as recommended by the
manufacturer. (See Appendix 12-03, Modifications.) Quantities
for steel piling used include 72,476.8 linear feet of sheet
piling, 1,610.8 linear feet of 300 wyes, and 93 linear feet of
900 tees.

Pile driving for the cofferdam was performed by the
subcontractor, Richard Goettle Inc. The sheet-pile cell
construction began after dewatering and rock and overburden
excavation were completed in that area. The template used was
circular, single leveled, and was supported by rigid frames
(tripods) on spud piles. After the template was properly
aligned, four "key sheets" were placed at approximately 900
angles to help support the sheet piles until closure was made.
The longer sheet piles were spliced to reduce driving and
handling problems. The bottom sheets were 37 and 40 feet long
and were driven to elevation 540 or top of rock. The varying
lengths of the bottom sheets gave a staggered effect that allowed
the top sheets to be spliced without the use of a template. The
sheets were driven with a vibratory hammer until the penetration
rate dropped to less than I foot per minute or when top of rock
was encountered, at which time these piles were seated with an
impact hammer, and the length and final blow count was recorded.
The vibratory hammer used was a ICE 416 hydraulically-powered
vibratory pile driver/extractor. The impact hammer used was
either a Link Belt 440 or 105 diesel pile hammer. (See Appendix
12-01.P, Sheet Piling.)

After driving and splicing were completed, the sheets were
trimmed to elevation 616. The cells were then backfilled with
bottom ash from the nearby Kentucky Power company's Big Sandy
Plant. The cells were then compieted by being capped with '-
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foot-thick wire reinforced concrete.

The pile-driving sequence for the cofferdam consisted of

coZpleting cells 1 through 6 prior to diverting Blaine Creek
through the diversion channel, and cell number 7 after stream
diversion through the outlet works. Construction of cofferdan
cells 1 through 6 began in September 1986, and was completed in
April 1987. The sequencing of these cells began with cell number
2, 3, 4, 5, 6, then 1. Pile driving for cell number 7 was
perform-ed in September 1987 after the co-pletion of stream
diversion, rock excavation of the right diversion channel, and
placement of random rockfill in the area of the cells.

With the exception of those posed by boulders, few problems were
encountered during pile driving of the cofferdam. Boulders
created a problem during pile driving at cells 2 and 5.
Excavation using a backhoe was required to remove these boulders
which then allowed each of these sheets to be seated at its
proper elevation. During a high-water event, in February 1989,
after the co-pletion of the dan embankment, water overtopped the
cofferdam cells. This event caused additional settlement within
the bottom ash backfill, which in turn slightly collapsed the
concrete cap. There appeared to be no deformation of the sheet-
pile cells during this event.

2. MISCELLANEOUS PILE DRIVING

During a period of high water in November 1986, Blaine Creek had
eroded a notch in a section of the downstream slurry cutoff wall
from ",hich backfill was lost. To prevent any additional loss of
the backfill material from the wall, five sheets of "Z" piling
were driven into the slurry wall. This pile driving was
performed by the subcontractor Richard Goettle Inc., using a
vibratory hammer.

The relocation, in August 1986, of a temporary bridge across
Blaine Creek was required to permit access to the intake
structure during its construction. This bridge relocation
required extraction and redriving of both "Z" and "H" piling used
for the bridge abutments. This extraction and redriving was
performed by the subcontractor Richard Goettle Inc., using a
vibratory hammer.
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SECTION ZIGHT - ?ODNDATION ANCHORS

z. INCLINED LEG FOUNDATION

Rock anchors were required for the "hang-on" concrete walls of
the spillway bridge incline leg foundations and liners. The rock
anchors were installed in May and June 1987, after drilling and
blasting were completed. The installation of these anchors
required drilling a 3-inch-diameter hole, approximately 11 feet
deep, perpendicular to the designed concrete surface, using an
air-track drill as excavation of the shot rock permitted access.
After the drilling of all holes was completed, they were cleaned
using water and compressed air. Immediately prior to installing
the anchors, the holes were filled with a thick nonshrinking
cement grout by tremie method using a Peroni grout pump. The
anchor bars were placed in the hole, having a 4-inch clearance
from the designed concrete surface and being held in place with
wedges until the grout had set. The anchor bars consisted of a
hook-shaped No. 9 rebar with a total length of 13 feet 9 inches.
The rock anchors installed at the base of the liners had shorter
embedded lengths into rock, due to overexcavation of the spillway
sidewalls. A total of 130 rock anchors were installed in a pre-
designed pattern in the spillway inclined leg foundation and
liner. (See Appendix 12-01.K, Rock Anchors.)

2. SPILLWAY SILL

Fifteen rock anchors were installed in the spillway sill in June
1987, after the rock excavation was completed. The rock anchors
are located, in line, at station 4+OOS with variable spacing.
The holes for the anchors were drilled vertically with air-track
drills using a 3-inch-diameter bit to a depth of approximately 10
feet. Prior to placement of the anchor bars, the holes were
cleaned with water and compressed air and filled with a thick
nonshrinking cement grout using the tremie method. The rock
anchors were then placed in the hole with the top of the anchor
bars at elevation 644.4, and wedged with blocks to prevent
movement. The rock anchors were, 13-foot, No. 10 rebar, with an
"L" shape instead of the designed hooked shape.

3. TRASH BOOM

Three rock anchors were used to secure the temporary and
permanent trash booms. After overburden was removed in April
1987, 3-inch-diameter holes were drilled for these anchors at 450
to a depth of 10 feet. The holes were cleaned and filled with a
nonshrinking cement grout at which time the rock anchors were
installed and wedged to prevent movement. The rock anchors
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consisted of a 10-foot threaded go. 11 rebar with a sPot-weldedeye nut at the top. (See Appendix 12-01.K, Rock Anchors.) Dueto the proximity of the top of rock to the ground surface, thedesigned deadman type anchor for the left-abutment trash-boomconnection was deleted and replaced with the grouted rock-anchortype, as described above. (See Appendix 12-03, Modifications.)
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SECTION NINE--FOUNDATION TREATNENT

1. GENEPL

The foundation treatment for Phase II Construction of the
Yatesville Dam consisted of (1) dental treating, with concrete
or grout, the final dam foundation to correct rock deficiencies

( and provide an acceptable surface for embankment placement, (2)
installing foundation grout curtainn beneath the dam's impervious
core to inhibit ground-water movement through the rock, (3)
supplemental drilling and grouting of various features in the dam
foundation, (4) drilling 3-inch-diameter drainage holes in the
spillway concrete lining, and (5) compacting dam embankment.

2. DENTAL TREATMENT

Dental treatment was required to obtain a satisfactory surface on
which to place impervious core material. Dental treatment
consisted of excavating foundation defects and then treating
these features with either dental concrete or grout. This
treatment isolated the impervious core from these potentially
harmful foundation features. These treated features include:
open joints; bedding planes; fractures; lithologic contacts;
soft, blocky, or incompetent rock; and faults or shear zones.
The dental treatment was limited to features within the
foundation for the impervious core and processed sandstone zones
of the dam embankment. The rock preparation for the dental
treatment entailed line drilling, hand and light mechanical
excavation, and cleaning by means of air and water jet.

Dental concrete was used in areas of larger structural or
lithological foundation defects. This concrete was a ready-mix,
supplied by either the contractor's batch plant or Charlie's
Concrete, located in Louisa, Kentucky. The concrete consisted of
a 6 bag per cubic yard cement mix with fly ash added and a top
aggregate size of 3/4-inch. The concrete surface, within the
impervious core area, was either horizontal or 1V on 1H slope
with forms or bulkheads being used as necessary. Of the 864
cubic yards of dental treatment performed during this contract;
590 cubic yards (68%) of dental concrete were required to treat
the broken zones (faults) in the valley bottom, and 133 cubic
yards (15%) were required to treat a coal seam and underclay
located on the right abutment. Other foundation features that
required dental concrete include shale and coal seams, pockets of
poorly cemented sandstone, and vertical or overhanging rock
surfaces. Placement of dental concrete began in October 1987
with partial treatment of the broken zones in the valley bottom,
before curtain grouting in that area was performed. The
remaining dental concrete was placed between February and July
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1988, prior to placing embankment, as access permitted. (See
Appendix 12-01.H, Dental Concrete.)

Dental grout was used to treat smaller foundation features such
as joints, bedding planes, and fractures. Dental grout was mixed
by hand and consisted of neat grout or sanded grout mixed at
various thicknesses. A total of nearly 8 cubic yards of dental
grout was placed on the dam's foundation within the impervious-
core limits. Rock preparation for areas to be dental grouted
entailed removing loose and drummy rock, notching the surface of
joints and fractures, and cleaning with an air and water jet.
The dental grout was then placed by trowled, broomed, or poured
methods. Dental (contact) grouting was required to fill any
voids at the rock contact with dental concrete placed to treat
the broken zones in the valley bottom. (See Section 9-04,
Supplemental Grouting.)

3. CURTAIN GROUTING

a. General. Foundation grout curtains were installed
beneath the inpervious core section of the dam to reduce ground-
water leakage through the bedrock under the dam. These grout
curtains were developed by drilling and grouting parallel lines
of 1-7/8-inch-diameter holes having 20-foot horizontal spacing
between primary holes, at various depths, using the split-
spacing, stage-grouting method. The grout lines have a parallel
alignment with the dam centerline and consist of two double-zoned
grout lines that extend the length of the dam, and three single-
zoned grout lines that only partially extend the dam's length.
The five grout lines constructed during this project were
designated as A,B,C,D, and E lines. The top zone (zone one) of
the grout lines required both primary and secondary holes to be
drilled with split spacing of higher order holes as necessary.
The bottom zone (zone two), where required, corsisted of only
primary holes being drilled with additional split spacing of
higher order holes as needed. (For additional grouting
information and clarification see Appendix 12-02 Fcundation
Curtain Grouting and 12-05 Exhibits.)

The A Line is located 16 feet upstream of the dam centerline and
extends the entire length of the dam, from station 1+35 to 9+96.
This line has two zones: zone one extends fron. the top of rock to
20 feet below the surface, and zone two extends from 20 feet to
60 feet from the surface. The A Line holes are inclined 100
upstream and have, at the ends of the grout lines, fanned holes
with a radiating pattern toward the abutments. The total area of
the A Line was 61,699 square feet.

The B Line was an optional grout line with the hole soacing
determined by grout takes of the A and C lines, and foundation
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characteristics encountered. This grout line is located 8 feet
upstream of the dam centerline with the holes drilled vertically
to a single zone. Four 30-foot primary holes were drilled in
this line on the right abutment to ensure that surface
connections were sealed. Twentyfour 35-foot primary and secondary
holes were drilled within the B Line, in the valley bottom from
station 5+05 to 7+35, to ensure proper sealing and consolidation
of the broken zones between the A and C Lines. The curtain area
of the B Line was 9,847 square feet.

The C Line is located on the dam centerline and extends the
entire length of the dam, from station 1+20 to 9+97. This line
has two zones: zone one extends from the top of rock to 50 feet
below the surface, and zone two extends from 50 feet to 75 feet
from the surface. The C Line holes are inclined 300 toward the
appropriate abutment with an overlapping area of opposing
battered holes located in the valley bottom. At the ends of the
grout lines, the holes were battered in a radiating pattern (fan)
toward the abutments. A total grout curtain area for both zones
of the C Line was 79,440 square feet.

Two additional grout lines, D and E, were installed to further
treat the broken zones in the valley bottom. The holes for these
lines were drilled vertically to a single zone with a depth of 35
feet. The D Line is located 20 feet downstream of the dam
centerline from station 4+95 to 6+75. The E Line is located 37
feet upstream of the dam centerline from station 5+00 to 6+40.
The curtain area of the D Line was 6,310 square feet, and 4,900
square feet for the E Line.

The curtain grouting program was performed by the subcontractor,
Boyles Brothers Drilling Company, and was directed by Government
personnel. This grouting program was completed in 6 months,
between October 1987 and April 1988. The drilling and grouting
were performed from the rock surface after final rock excavation
was completed in the area. The drilling and grouting procedures
entailed (1) locating the hole and installing nipples, (2)
drilling 1-7/8-inch holes to various depths, (3) water-pressure
test holes, (4) pressure grout holes if needed, and (5) backfill
holes upon completion with grout.

The grout curtains were subdivided into sections of approximately
100 feet in length to facilitate the mobility of the contractor's
drills and to comply with the contract specifications. The
sequence of drilling and grouting within a given section included
(1) A and C lines, zone 1; (2) A and C Lines, zone 2; (3) B Line,
if required; (4) D and E Lines, if required; and (5) supplemental
drilling and grouting of features not treated by the curtain
grouting. The drilling and grouting sequence within a section of
a grout line began with primary holes followed, where required,
by secondary holes. Tertiary and then quaternary holes were
added if split spacing was required.
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Drilling and grouting operations began in the sections at the
lower elevations in the valley bottom and proceeded upward toward
the abutments. This general sequence consisted of (1) from the
valley bottom at elevation 527 to 574 on the right abutment,
station 4+80 to 3+00; (2) from the valley bottom at elevation 521
to 526 msl on the left abutment, station 4+80 to 8+00; (3) right
abutment from elevation 574 to 678 msl, station 3+00 to 1+20; (4)
left abutment from elevation 563 to 681 msl, station 8+00 to
10+00.

b. Drilling Procedures. Drilling 1-7/8-inch-diameter holes
for the foundation grout curtain began after: final rock
excavation was completed at the dam site; rock surface was
cleaned in the grouting area; locations of holes were surveyed;
and 3-inch-diameter nipples were embedded 18 inches into rock at
the proper inclination. Drilling of the grout holes was
accomplished by means of pneumatically powered CP 65 rotary
drills mounted on air tracks. These drills were moved and
stabilized on the rock slopes of the dam abutments by means of
cables attached to an air powered tugger, which was anchored in
rock at the top of the abutments. The most frequently used bit
for drilling was the AW-size carbide-tipped plug type
manufactured by Chrisdrill. Other bits used included AW sized
diamond plug and drag-type bits.

The drilling procedures entailed: aligning drill to proper
inclination through preset nipples; rotary drilling hole using
water to remove cuttings; and cleaning hole at completion with
water. When excessive artesian water flow or drill water loss
was encountered during drilling, the hole was "staged" at that
depth within the zone and grouted. The "staged" hole was then
progressively deepened until the bottom of the designed zone was
reached. Drill-water loss was occasionally encountered on the
abutments, and zone 1 of the A Line on the valley bottom.
Artesian water was commonly encountered in the valley bottom
within both zones of the C Line, and zone 2 of the A Line. If a
hole required to be deepened after grouting operations were
completed, the subcontractor elected to redrill through the grCut
instead of removing the grout by washing.

Drill depths to the bottom of a designed zone ranged from 20.5
feet, in zone 1 of the A Line, to 98 feet, in zone 2 of the C
Line. These depths were determined graphically from the surface
location of the hole to a projected zone. The horizontal split
spacing between holes varied, depending upon the type of hole:
primary holes, 20-foot spacing; secondary holes, 10-foot spacing;
tertiary holes, 5-foot spacing; and quaternary holes, 2.5-foot
spacing. A total of 342 holes were drilled for the foundation
grout curtains with a total of 19,326 linear feet of drilling
performed.
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c. Grouting Procedures. Stage-type grouting was used,
where holes are progressively drilled and grouted from the
surface downward to various stages and zones. The grouting
procedures within a section of the grout curtain, began after
drilling of all holes of a designated order was completed to the
bottom of a stage or zone. These holes were then water pressure
tested, pressure grouted (if required), and then backfilled upon
completion. Both pressure testing and grouting were performed
from the rock surface using expandable-air packers. Grouting was
performed by injecting, into a hole, a neat grout (cement and
water) under pressure ranging from gravity to 25 psi.

Water-pressure testing of the holes was used in order to perform
additional cleaning, determine the hole "tightness," and provide
information for determining grouting procedures. The pressure
testing consisted of sealing the hole at the surface and
measuring the flow of water being injected under pressure.
Equipment used during pressure testing consisted of water pumps;
water lines; air packers; and a header equipped with a pressure
gauge, flow meter, and pressure relief valves. Each hole was
pressure tested for at least 5 minutes, with flows measured in
cubic feet per minute. When surface connections or connections
between holes were encountered, pressure testing was continued
until water became clear and the effect on the flow was
determined as the connected hole was plugged. All results were
recorded and connections noted to determine what grouting
procedure, if any, was to be used.

For consistency, the same pressures and packer placements used
during pressure testing a hole were also used during grouting.
The packer setting was primarily between 1.5 and 2 feet from the
surface with pressures ranging from 4 to 5 psi within zone I and
8 to 10 psi within zone 2, unless foundation conditions warranted
a change. These foundation conditions consisted of artesian
water flow in the valley bottom and severe surface connections on
the abutments.

Pressure grouting was used to seal foundation features that would
permit ground-water flow beneath the dam during impoundment.
Pressure grouting consisted of mixing and injecting a cement and
water grout under pressure into the hole. The grout was mixed
primarily in a 30 cubic foot tub-type mixer located on a bench of
the downstream concrete cofferdam berm, at elevation 575. While
grouting the valley bottom the mixed grout was pumped to a
separate intermediate 20 cubic foot agitator tub placed at the
lower elevation. An additional 10 cubic foot colloidal-type
mixer was used in the valley bottom for holes with smaller grout
takes. The grout was delivered by progressive cavity pumps,
through rigid and flexible grout lines. The grout flow into the
hole was regulated by means of a header, equipped with pressure
gauge (0 to 60 psi) and pressure-relief valve. The volume and
rate of grout injected was measured at the mixing or agitating
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tubs.

A hole was grouted if, during water-pressure testing, a flow of
0.2 cfm or greater was encountered. The initial injected grout
mix was determined by pressure-testing results, typically a 3:1
water to cement ratio (by volume). If during grouting the
injection rate failed to decrease, the grout mix would be
progressively thickened. If premature blockage of grout flow or
excessive mechanical downtime occurred, the hole was washed out
and regrouted. If grout connections between holes existed,
grouting was completed only after all connecting holes were
properly grouted. Grouting was considered complete for a hole if
3/4 of the grouting pressure could be "held" within the hole.
Split spacing was performed if the grout take of the highest
required order hole would equal or exceed 5.0 cwt (5.3 cubic
feet) of cement.

If a hole exhibited either surface connections or artesian water
flow within the first zone, a form of stop grouting was used. If
surface connections were evident during pressure testing of a
hole, a packer was set below the connection and the lower portion
of the hole was grouted with a thin mix (3:1). Upon completion
of the lower section of these holes, the packer would be raised
and a thicker mix (2:1 to 1:1) was used to treat the surface
connection. To seal these surface connections, a series of low
pressure/caulking cycles was implemented. In the valley bottom
where artesian flow was encountered on the C Line, zone 1, a
packer was placed at a 20-foot depth and 20 to 25 psi was used to
overcome the artesian pressure and to prevent interference with
grouting A Line, zone 1, which did not exhibit artesian water.
After the artesian flow was stopped in these holes by grouting,
the top 20 feet was then pressure tested and grouted. Packers
were also placed at 20-foot depth and 20 to 25 psi pressure was
used where artesian flow was encountered in zone 2, in both A and
C Lines.

The mixed grout consisted of water (obtained from Blaine Creek)
and cement (type I and II supplied by Kosmos Cement Company,
Inc., in 94 lbs. bags). The grout mixes for foundation grouting
ranged from 5:1 to .75:1 water to cement ratios. The most
commonly used mixes were 3:1, 2:1, 1.5:1 and 1:1 with the 2:1
ratio consisting of 32 percent of cement mixed for grouting. A
total of 3,717.9 cwt (3,955.2 cubic feet) of cement was injected
into 19,326 linear feet of curtain grout holes, giving an average
cement rate of 0.19 cwt/lin.ft. (0.20 cu.ft./lin.ft.). The
cement rate significantly decreased as the split-spaced higher-
order hole types were drilled within a section. (For cement rate
per hole type see Appendix 12-02 page Q-30.) The highest
concentration of grout takes (69%) was within the valley bottom,
particularly zone 2 of the A Line. On the abutments, several
holes within zone 1 of the C Line yielded high grout takes. A
total of 430.9 hours were used to place foundation curtain grout,
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which is well above the estimated 250 hours. This may partially
be due to tho time used to seal surface connections and to the
cautious approach taken while grouting the valley bottom, due to
premature blockage. A total of 4,949 cwt (5,264.9 cubic feet) of
cement was mixed for grouting during the project, which included
curtain grouting, supplemental grouting, backfilling grout holes,
and wasted grout. (For grout takes per hole, see Appendix 12-02
and 12-05.)

After all grout holes were completed within a section to its
final depth, the holes were backfilled. This backfill consisted
of the thickest pumpable mixture of cement and water. The
backfill mixture was applied in the grout holes by tremie method.
Holes that produced a light artesian flow were backfilled and
then dry packed with cement at the top 2 feet.

After the grouting program was completed in the valley bottom,
seven 4-inch-diameter exploratory borings were drilled to
determine the effectiveness of the grout program and type of
foundation features grouted. These exploratcry borings were
located in areas of the broken zones and other high grout take
areas within the valley bottom. Grout traces were occasionally
recovered in open bedding plains, joints, and broken zones at
various elevations. The pressure testing of these borings
indicated "tight" holes.

4. SUPPLEMENTAL GROUTING

Supplemental foundation grouting was needed at the dam site to
more extensively treat features not adequately covered by the
designed parallel lines of the curtain grouting. The same
drilling and grouting methods used during curtain grouting were
also used for the supplemental grouting. The holes were drilled
to shallow depths (5 to 10 feet), within a single zone, at
various angles, with neither embedded nipples nor split spacing
being required. Numerous surface connectiins ure encountered
while treating the foundation features that required cleaning
during pressure testing, and sealing with grout using low-
pressure/caulking cycles. The features that required
supplemental grouting included open joints, dental concrete, and
bedding planes. (For location and additional information, see
Appendix 12-02.)

Four high-angled open joints required treatment by supplemental
grouting within the impervious core limits of the dam. The
joints that were exposed in foundation benches were vertically
drilled directly over the joints. Joints exposed on the
foundation slopes were drilled at 450 in order to intersect the
joints. A 5- to 10-foot hole spacing was used along the length
of the joints. These holes were water-pressure tested and then
grouted to ensure maximum coverage. A total of 17.9 cwt (19
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cubic feet) of cement was used to treat these joints.

Dental concrete, used to treat broken zones within the valley
bottom of the dam foundation, required grouting between the
concrete/rock contact. This "contact" grouting was used to seal
any voids that would exist in contact areas with overhanging rock
at the broken zone. These overhangs were located prior to dental
concrete placement, and the grout holes were drilled later
through the concrete to intersect the located overhangs. A total
of 21 holes were drilled to a 5-foot depth and 300 inclination
but were not pressure tested. Instead a 4:1 mix was initially
used to determine "tightness," and was thickened as necessary.
The concrete contact within the impervious core area was found to
be "tight", although upstream and downstream of the impervious
core, a total of 76.9 cwt (81.8 cubic feet) of cement was placed
with surface connections being encountered. Partial payment was
made under foundation grouting while the remaining quantities
were attributed toward dental treatment.

To determine the "tightness" of a bedding plane in the valley
bottom, a series of seven holes was drilled and pressure tested.
These holes were drilled vertically, to a 9-foot depth, and
pressure tested using 4 psi. During pressure testing, severe
surface connections occurred at the bedding plane and a vertical
open joint. It was determined: instead of grouting, to excavate
the loose bedding plane to the area of the joint and to later
dental treat the joint.

5. EMBANKMENT COMPACTION

After excavation and foundation preparation and treatment were
completed within an area, placement and compaction of the dam
embankment were initiated. The various types of embankment that
required compaction included impervious core, inclined and
blanket drains, type I and II graded filter, sandstone rockfill,
processed sandstone, and random rockfill. Placement and
compaction of embankment began with a portion of the downstream
random rockfill area, from top of rock to approximate elevation
575, during the period of October to December 1987. The
remaining dam embankment, which extended 160 feet in height from
top of rock to elevation 681 (without camber), was placed from
March to September 1988. An approximate total of 1,100,000 cubic
yards of dam embankment was placed and compacted. (For
embankment cross section, see Appendix 12-05, Exhibits.)

The equipment used during compaction included Ingersoll Rand SD-
100D vibratory rollers, a sheep-foot roller with dozer, a 50-ton
rubber-tire roller with dozer, and a D-8 dozer with disk
attachment. The impervious material for embankment was
excavated, hauled to, and placed within the dam core by means of
623E or 632 Cat scrapers. The other various types of embankment

55



were hauled to and placel at the dam by means of end dump trucks.
The material for ta embankment was obtained from 7arious
sources: (I) clay, from Impervious Borrow Area No. 1; (2) rock,
from Rock Borrow Area No. 1, with limited amount of random
rockfill from the dam rock excavation; (3) sand drains and graded
filter type I, from Standard Slag at Haverhill, OR, (4) graded
filter type II, from Beckley Stone Co. at Beckley, WV. These
materials were tested during placement to ens jre the proper
gradation, compaction, moisture, and material type. (For
specified zequirements and test results see Embankment Report.)

For the most part compaction at the dam embankment was performed
parallel to the dam centerline. The type of compaction effort
was determined from test fill results. While placing dam
embankment below elevation 590, the impervious core area was
brought up slightly higher than the remaining fill areas, for
drainage purposes. Above elevation 590 the levcl of the inclined
drain was kept above the adjacent fill to prevent impervious-
material and surface-water contamination within the drain.

In order to provide an impervious barrier for future lake
impoundment, intensive field control was given during the
placement and compaction of the impervious core material.
Scrapers placed and partially spread the clay, with dozers
maintaining an 8-inch loose-lift thickness. This lift of clay
was then disked, which partially penetrated into the previous
lift. The disked clay was then compacted with six passes of a
sheeps-foot roller. At the bsdrock/clay contact, the rock was
moistened and the clay compacted with rubber-tire equipment,
usually a front-end loader.

Horizontal laminations were observed within the compacted clay
during the early stages of embankment placement. These
laminations were removed and the clay recompacted. To eliminate
any additional laminations, test fills were constructed of
impervious material with various compaction efforts uced. (For
additional information see Embankment Report.) It was decided,
from the results of the test fills, to; reduce sheep foot ballast
from 100% to 25% - 50%, restrict the equipment traffic, and limit
depth of disking to 10 inches. Damage by equipment that
traversed the impervious core and inclined drain was controlled
by designating a crossing point and "bridging" the inclined drain
with timbers. These timbers and the impervious core at a
crossing point were removed periodically, and the clay was
replaced and recompacted, and the timbers relocated to a new
crossing point.

The compaction effort for the sand drains and rockfill areas of
embankment included; placing the material with an end dump truck,
maintaining the specified loose-lift thickness with dozers, and
compaction with four passes of an Ingersoll Rand SD-100D
vibratory roller. In addition to this, the sand inclined and
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blanket drains were "wetted" prior to compaction. The exception
to this type of compaction was in the downstream Random-Rockfill
area were the compaction effort consisted of two passes with a
sheeps-foot roller and four passes with a 50-ton rubber-tire
roller. (See Embankment Report for detailed information.)

6. DRAINAGE HOL

Drainage holes required at the concrete spillway linings were
drilled in April 1988 by the subcontractor, Boyles Bros. Drilling
Co. A total of 26 3-inch-diameter holes (13 holes per lining)
were drilled horizontally through 4-inch-diameter PVC pipe, which
was embedded during concrete placement. These holes were drilled
20 feet, measured from the concrete surface, using a carbide-
tipped core barrel and cleaned upon completion with drill water.
The drills used were a C.P. 65 rotary air drill mounted either on
4n air track, used for holes at lower elevations, or a skid
supported by a fork lift. A total of 468 linear feet were
drilled through rock, primarily shales.
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S1CTIO TEN - 5SRV KT1O

1. GhPIAL

Instrumentation for -onitoring the performance of the dam was not
addressed in this contract, although it was installed after
completion of the dan embanke nt by Mason-deerteuil
Geotechnical, an A-E services contractor. At the time of this
report, the installed instrumentation included surface-
displacement monuents, survey monuments, and open-tube-typepiezometers. This instrumentation was installed between Novembez
1988 and July 1989. Planned additional instrumentation includes
an automated data-acquisition system (ADAS) and a strong-=otion
accelerograph. (For additional instrumentation information see
Appendix 12-01.11.)

2. SURFACE DISPLACEMENT MONUMENTS

Sixteen temporary surface-displacement monuments were installed
prior to and near the location of the proposed permanent
monuments. Tne permanent monuments were then installed after the
service-road and guard-rail construction was completed at the dam
crest After the data base was transferred to the permanent
monument system the temporary monuments were abandoned. The
surface-displacement monuments were constructed of concrete and
were 6 inches in diameter, 5 feet long, reinforced with a No. 4
rebar, capped with a threaded brass insert, and set flush with
the embankment. The location of these permanent monuments
include: five pairs along the shoulders of the dam crest at
stations 2+50, 4+00, 5+50, 7+50, and 8+50; and three pairs along
the upstream and downstream mid-slope at stations 4r00, 5+50, and
7+00.

Horizontal and vertical measurement of the surface-displacement
monuments will make it possible to datect movement in any
direction at the dam's surface. The magnitude, direction, and
rate of movement will be determined by maintaining and evaluating
recorded observations. The observations, made at the time of
this report, indicate that movements are as expected and not
excessive for an earth-and-rockfill embankment. (See Periodic
Inspection Reports for recorded movements.)

3. SURVEY MONUMENTS

To provide continuity of control for surface-displacement
monument observations, a series of four pedestal-type survey
monuments were installed. Two survey monuments were installed on
each of the dam abutments. Tnese survey monuments are a
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per- anent off-structure control-and-reference r-onuent system,
installed in stable original ground adjacent to the dam.

4. PIZZOXETERS

A total of 23 open-tube-type piezometers were installed within
the dnm embankment and foundation and downstream of the dam.
These piezometers have a porous plastic tube, placed in a sand or
gravel fill sensing zone, and a 3/4-inch-diameter plastic riser
pipe, which is protected at the surface by a steel pipe fitted
with a vented locking cap. The purpose of the piezometers is to
monitor the seepage patterns and effectiveness of the seepage
control measures at the dam. The locations of the piezometers
were selected based partially on the actual foundation and
embankment cunditions observed during construction. (For
instrumentation locations and typical installation details see
Appendix 12-01.11.)

Because of the concern about possible seepage through laminations
that may have developed in the impervious core during
construction, all of the piezometers in the core have a longer
than normal sensing zone. Two clusters of piezometers (station
4+50; P-6, 7, 8, and 9, and at station 5+90; P-13, 14, 15, and
16) were installed to provide continuity of sensing zone limits
from 5 feet above top of rock to approximately 5 feet above the
level of the blanket drain. The sensing zones within each
cluster were installed at staggered depths to minimize the chance
of interaction between piezometers.

Other piezometers were placed to monitor seepage at the
foundation, internal drains, and at or downstream of the dam toe.
The contact between the foundation and impervious core at various
locations on the abutments will be monitored by piezometers P-l,
2, 20, 21, and 22. To monitor foundation seepage and gradient
conditions in the bedrcck at areas of dental concrete in the
valley bottom, the piezometer tip was set into rock. These
piezometers (P-3, 4, 5, 11, 12, and 17) were placed within the
area of the two clusters of piezometers that will monitor the
impervious-core laminations. Two piezometers (P-10 and P-18)
were placed within the blanket drain to monitor the performance
of the internal drainage system. Piezometer P-19 was installed
to monitor underseepage at the toe of the dam. Piezometer P-23
was placed downstream of the slurry cutoff wall to monitor the
ground-water level.

Primarily, the piezometers were installed from November 1988 to
February 1989, by means of CME 55 and 75 drill rigs. Because of
the unusually wet weather at that time, the downstream slope was
too soft to permit safe positioning of the drill equipment. This
delayed the installation of piezometers P-10, 17, and 18, which
were not installed until July 1989. That same month (July 1989),
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piezoneter P-22 was replaced due to bentonite contamination ofthe sensing zone. Other problems encountered included asignificant water loss while drilling in bedrock at piezometer P-12, located near the dental-treated broken zone at station 5+90.This piezoneter also indicated a tine-lag value of 12 minutesduring a falling-head permeability test.

60



SECTION ELEVEN - POSSIBLE FUTURE PROBLEMS

1. BROKEN ZONES

a. potential Problems. Within the foundation for the dam's
impervious core, horizontal broken zones (faults) were found in
the Upper Winifred Sandstone Member, located in the valley
bottom. These horizontal broken zones, approximately 1 foot
thick, could provide avenues for ground-water movement under the
impervious core or permit exposure of the ground water to the
core material, promoting erosion. These broken zones were
treated during construction to minimize potential problems. The
foundation treatment for this feature included (1) extensive
foundation curtain grouting to consolidate the rock and to
inhibit ground-water movement, (2) additional rock excavation to
expose the upper-most broken zone, (3) placement of dental
concrete to isolate the impervious core from these zones, (4)
temporary sumps to control ground water during placement of core
material, (5) exploratory drilling to determine the severity and
extent of these zones.

b. Recommended Observations. A cluster of piezometers, P-il
through P-19, was placed in the area of the broken zone at
station 5+90. It is recommended that a continued emphasis be
given to the monitoring of these piezometers. The relationship
between those piezometers set into rock (P-11, 12, and 17) should
be recorded and correlated. Observations should be made to the
location, if any, of water flow through the blanket drain at the
downstream toe of the dam.

2. MISCELLANEOUS DAM FOUNDATION FEATURES

a. Potential Problems. Other bedrock features within the
dam impervious-core foundation that exhibit potential water
seepage include coal beds, shale seams, open joints, and bedding
planes. These features were properly treated during construction
with dental concrete, dental grout, and curtain grouting. Light
water seepage from the base of a thin shale seam in the valley
bottom was observed during construction. Although this feature
was properly treated, the additional hydrostatic pressure during
impoundment could produce future seepage. Another area of
potential seepage is at dam station 3+08, where a conspicuously
high grout take (85.3 cwt) was encountered within 6 feet of the
rock surface with only a light surface connection occurring at
the lower shale/sandstone contact.
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b. gecommended Observations. It is recommended that the
miscellaneous foundation features on the abutments be monitored
for possible water seepage by continued readings of piezometer
numbers P-i, 2, 20, 21, and 22. It is also recommended that
monitoring of the cluster of piezometers P-3 through P-10 be
continued for possible water seepage from the thin shale seam at
station 4+40 together with the recording of the relationship
between those piezometers set in rock (P-3, 4, and 5).

3. SPILLWAY

a. Potential Problem. The spillway is an unprotected cut
through the Lower Kittanning Shale Member of the Breathitt
Formation. This shale, where exposed, is highly susceptible to
deterioration by weathering. This deterioration had produced, in
the sidewalls, undercutting beneath a thin sandstone bed and in
the vicinity of a fault. This condition will probably result in
a continual cleanup operation on the spillway floor and scaling
along the sidewalls. This potential problem will be corrected
with concrete sidewalls in a future contract.

b. Recommended Observations. The spillway sidewalls, where
the weathered shale has undercut thin sandstone blocks, should be
checked to determine if scaling is necessary. If the shale in
the sidewalls exhibits excessive weathering, concrete liners may
be required. The spillway floor should be inspected to determine
if any obstructions to flow exist (fallen boulders for example)
that require removal. Shale in the immediate area of the
spillway sill should be periodically inspected for deterioration
that would cause potential undercutting.
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12-01 A. YATESVILLE LAKE PERTINENT DATA

General.

Location of Project: The dam site is in Lawrence County,
Kentucky, on Blaine Creek, a tributary of the Big Sandy
River. The site is 18.5 miles from the mouth of Blaine
Creek and approximately 4 miles west of Louisa, Kentucky.
Blaine Creek enters the Big Sandy River at river mile 19.6.

Authorization: Flood Control Act of 1965 (PL 89-298)

Purposes Served: Flood reduction, recreation, water quality
improvement and fish and wildlife conservation.

Reservoir Data.

Drainage Area Above Dam: ................ 208 square miles

Streamflow:

maximum discharge .................. 21,000 cfs
mean discharge .................... 241 cfs
minimum discharge .................. less than I cfs

Streambed Elevation at Dam: ............. 573 msl

Reservoir Elevations:

Winter Pool ........................ 624.8 msl
Summer Pool ........................ 630.0 msl
Flood Pool ......................... 645.0 msl

zeservoir Area:

Winter Pool ........................ 1,745 acres
Summer Pool ........................ 2,242 acres
Flood Pool ......................... 3,805 acres

Reservoir Storage:

Winter Pool ........................ 26,200 acre-feet
Summer Pool ........................ 38,100 acre-feet
Flood Pool ......................... 83,300 acre-feet

Additional Summer Pool Data:

Maximum Depth ...................... 60'
Average Mean Depth ................. 17.7'
Backwater Along Main Stream ........ 20.5 miles
Shoreline .......................... 93.9 miles

(A-1)



12-01 A. YATESVILLE LAKE PERTINENT DATA (cant)

Dam.

Tye.........I............................rockfill w/ central
impervious core,

( founded on rock

Location:.................................approx. stream mile
18.5

Top Elevation: ........................... 681 (w/out camber)

Max. Height Above Streambed: ............. 108'

Crest Length: ............................. 855'

Crest Width: ..............................32'

Cofferdam.

Tye.....................................cellular sheetpile
w4/ concrete mono. @

abutments

Location: .................................332.34', center to
center, U/S of dam

Crest Elevation @ Cells: .................616.0 msl

Sp;llway.

Type: .....................................Unlined, excavated
through reservoir
rim, uncontrolled
broad-crested
concrete sill

Location: .................................Approx. 1/2 mile
southeast of dam

Crest Elevation: ..........................645.0 msl

Width: ....................................110.0'

Centerline Length: ........................430.0'

(A-2)



12-01 A. YATESVILLE LAKE PERTINENT DATA (cont)

Outlet Works.

T e:................................... concrete lined
tunnel controlled
U/S by intake
structure and
discharges D/S in
stilling basin

Location: ............................... left abutment

Components:

Tunnel:

shape ......................... circular
finished diameter ............. 13.0'
length ........................ 925.0'
transition length ............. 59.23'

Intake Structure:

type .......................... . ;et well, with two
gated 4' x 9' main
sluices w/ invert
el. 575 and a
separate selective
withdrawal system

selective-withdrawal system... two wells, each
well having two
4' x 4', three 4' x
3' and one 24" dia.
gated inlets and
two controlled
outlets

Stilling Basin:

type .......................... hydraulic jump
Length ........................ 112.0'
width ......................... 27.0'

(A-3)
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12-01 A. YATESVILLE LAKE PERTINENT DATA (cont)

YATESVILLE F/C 84-C

1' KENTUCKY

00

* C M IN G A R E &U ~ SE M I G P O O L

FIBOAHRAG & PICNC AREA

*BOAT RAMP

BIG SANDY RIVER BASIN
BLAINE CREEK

YA'IESVILLE LAKE
Scale in Feet

4000 0 4000 8000LEGEND- 
_

NO WORKX HAS BEEN INITATED IILNTIN(GTG.N DISTRICT, HIUNTINGTON, W. VA.
L m uN "NSRTmro Revised: 30 SEPTEMBER 1986
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12-01 C. CONTRACTOR'S PERSONNEL

The Lane Construction Corporation
965 East Main Street, Meriden CT 06450

Yatesville Lake Project
0

Project Manager ................................ J. 0. Hughes

Assistant Superintendent ....................... J. N. Colvard

Office Manager ................................. P. K. White
0

Job Engineer ................................... R. A. Housel
00
00 Mechanical Supervisor .......................... W. E. Slayers

Quality Control ................................ W. H. Hamric
M. P. Higgins

Excavation and Embankment Foremen.............. R. Teets
M. Gula

Blasting Foremen ............................... F. Paes Jr.

Structure Foremen .............................. F. Glass
E. Turner

Party Chief .................................... E. E. Gray

0

o

(

-c-



12-01 D. CONTRACTOR'S E-PLIP.ET

Lane Construction Corporation (prime contractor)

Dozers Trucks

! D-9 Cat Dozer 11 Cat 773 End Dunp Trucks
5 D-8K Cat Dozers 1 Cat 769 End Du--p Trucks
1 D-8 Cat Dozer w/ Disk 4 .Mack Cone. Agitator Trucks
1 D-8K Cat ozer w/ Ripper 3 Ford Water Trucks

D-7 Cat I ;er I Fuel Truck
1 D-6 Cat Dzer 1 Grease Truck
1 824 Cat Rubber Tire Dozer 1 Welding Truck
1 D-31A Komatsu Dozer 1 Flat Bed Truck
1 450 John Deere Dozer ANFO Truck

Front End Loaders Drills & Compressors

1 922B Cat End Loader 1 900 1. R. Air Compressor
988B Cat End Loader 1 750 1- R. Air Compressor

i 977 Cat End Loader 1 185 i. R. Air Compressor
1 966 Cat End Loader 1 750 Sullair Air Compressor
1 922 Cat End Loader 1 800 G. D. Air Compressor

1 750 G. P. Air Compressor
2 G. D. Air Track Drills
I I. R. Air Track Drill

Cranes Rollers

1 3900 Manito-dc Crane 2 I. R. SD-100D Vib. Rollers
I 74S Grove Crane 2 Sheep Foot Rollers
I 60S C-ove Crane 1 50 ton Roller

Graders Backhoes

2 16 Cat Graders 2 245 Cat Excavators
1 120 Grader 1 410 John Deere Backhoe

Scrapers 4iscellaneous

3 623i Cat Scrapers 1 Erie Concrete Batch Plant
1 632 Cat Scraper 2 Maxie Light Plants

- .
1
arious Trailers & Build.

I Peroni grout plant

(D-1)



12-01 D. CONTRACTOR'S EQUIP ENT (cont)

ajor Subcontractor's Equipment

Bovles Bros. Drilling Co.
(exploratory drilling and foundation drilling and grouting)

Grout Plants
1 30 cu. ft. tub type mixer
1 10 cu. ft. colloidal type mixer
1 20 cu. ft. agiator tube

Grout Pumps
3 Moyno 3L10 progressive cavity type pumps
I Moyno 3L3 progressive cavity type pump

Rotary Drill
5 C. P. 65 rotary air drills
2 Ingersoll-Rand air tracks
2 Longyear 44 truck mounted core drills

Air Compressors
1 750 Ingersoll-Rand air compressor
1 750 Sullair air compressor

Miscellaneous
I 227T Sellick fork lift
2 Garden Denver air powered water pumps
2 Ingersoll-Rand 4,000 lbs. air tuggers
I Supply trailer
2 Ford F250 4X4 trucks
- Various bits, water and air lines, etc.

McClelland Services Inc.
(slurry cutoff wall)

I Erie batch plant
1 1266D Koehring backhoe
3 CCC concrete mixing trucks
I Whiteman concrete pump
1 3900 Manitowic crane
I W24B Case front end loader
1 550 John Deere dozer
1 Flat bed truck
1 Bentonite storage "pig"
I D-6 Cat dozer
2 GMC end dump trucks
- Various air compressors and water pumps

(D-2)



12-01 D. CONTRACTOR'S EQUIPMENT (cont)

Major Subcontractor's equipment (cont)

Richard Goettle Inc.
(sheet piling, cofferdam cells)

1 3900 Manitowic crane
1 LS-338 Link Belt crane
5 welding machines
1 416 ICz vibratory hammer
2 416 ICE power packs
1 440 Link Belt diesel pile hammer
1 105 Link Belt diesel pile hammer
- various storage and office trailers

Stacon Corporation
(dewatering system)

1 Gus Peck "Super George" bucket auger drill
1 Mobil drill
1 air compi or
1 truck w/ wench
1 410 John Deere backhoe
i storage trailer

MOUNTIAN ENTERPRISES INC.
(paving)

1 TD 25 International dozer with spreader box
1 12 Cat grader
1 3000 Ford tractor with broom
1 BW 172 Ingersoll-Rand vibratory roller
1 Huber maintainer
1 PF 172 paver
3 End dump trucks

(D-3)
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12-01 E. CONTRACT (3LANTITIES (cont,

Estimated Vs. %ctuaI
(as of June, 1989)

NO3. USlflltLN VJJL4111T WiH PRICE LInvm QCJJ(IDT MWND uOF

20d Exploratory Holes; Pressure testing 95 Ea. 100.00 91500.00 52 Ea. 5,200.00 F

1. Sealing Poles vith Woant 20 cwt 20.00 400.00 501.3 cwt 10,02t..00 t F

Ad Fndnatica Drilling t Grouting - Mlob Draub I 358 3000.00 30,000.00 1 JOB 30,000.00 F

20b Drilling 1-1a inch Grou, Holes 2M00 L.F 10.00 2;0,000.00 19651-5 LSF 196,515.00 F

21C Portlad CUMt in Gront 6500 cwt 6.00 39,000.00 4949.06 cift 29.694,36 F

21d Placing Groat 250 Fr. (00.00 25,000.03 430.06 Hr. 43,UA6.00 f F

22 ls;ervious Lure 157100 C.0 1.50 2M,650.00 1665YO.42 C.Y 249,.W5.63 'tF

23 EItar.Onrnt, Oran Mtjiril 3060 C Y 10.00 695,580.00 315135.51 C.r S67,639,18 If

24 Csaloklefit, Type I Graded "!lter 1620 CTY 23.00 41.W3O.00 341.79 C.Y 7,9s. 17 F

25 ECbaklnt; Type If Graded filter 335 C y 23.0 1O ,705.00 344Ae C.T 7,921.64 fF

2o Saodstone Opckfill; b-lr.. 1tits 42LI0 C Y 1.00 4,200 00 1523 C.T 1,523.00 F

21 Sadstone Rockfill, 24-!ce: Lifts 454400 C 1 0.65 295,360.00 46264B.92 C.Y 300,721.80 "Fi

28 Processed Sandstone P5300 CDY 0.70 121,800.00 185191.74 C.1 130,058.42 *If

29 Random Rackfill; 24-Inci Lifts 305700 C Y 0.70 213,990.00 216933.22 CTY 193,853.25 F

30 Sand arid Granr, Cell fill 43000 C.D 20.00 97o.000.00 47104.44 C.Y 954,000.00 F
31 Diversion Dikes J9a00 C Y 2.50 99,500.00 48594.05 C.! 121,405.13 f F

32 Pervious fill (5(0 C Y 0 00 12,000.00 (3b6 C.Y (10.00W F

33 Radsndo fill 30600 C T 2.25 bs.850.00 56943 C.! 120,121.15 i F

34 Topsoil 84,100 C 0 2.50 212,250 00 44142 C.! (1,05,.00 F

35 Additional lolling for Coapaction 500 Hr. 50.00 25,000.00 0 Hr. 0.00 F

36 DELETED 0 00 0.00

31 Undisltbea Block Salples 6 Ed 200 00 1,2100.0 6 Ea. 1,200.00 F

3d Test ?its in 11bankaent lO Ed. 500.00 5,000.00 6 Ea. 3,000.00 F

0EN 66,0 ij A Ubl) PAYMENT ES11MsiE (F-2)



12-01 E. CONTRACT QLANTITIES (contl

Estimated Vs. Actual
(as of June, 1989)

lI~u n,;.nnnsnonoCoot0AVNIo;.on;,n;;i# $$$$#$$$TOTAL T0 FATEn$n $$Sn$
RO. U$C MIMu ukIIUNIT PRICE M901 "kIY T M I uCF

39 test Pits in Impervious Borrow 40 Vt. 40.00 1,600.00 14.5 Hr. 580.00 F

R eove - ieirstdll Existing Guardrail 550 L.F 10.00 5,500.00 458.7 L.F 4,587.00 F

41 Remove Earth Shoulder on Existing Access Road I JOB 1000.00 1,000.00 1 Iva 1,000.00 F

42 o0draIr Excavation 8000 C.Y 3.00 264,000.00 86407.88 C.Y 259,223.64 $F

43 Select Rock FxIl 4300 C.Y 3.00 12,900.00 10104 C.1 30,312.00 f F

44 Dense Graded Aggregate Base 8750 Ion 13.60 113,750.00 9841.45 Ion 121,938.85 f F

45 Eltu los material for Prime C4t 14 Ion 300.00 4,200.00 13.35 Ion 4,005.00 F

46 Bituminons material for 6tak Coat 10 Ion 300.00 3,000.00 5.2s Ion 1,584.00 F

47 Bituminos Concrete lase 1700 ion 50.00 85,000.00 1676.1 Ion 83,b05.00 F

48 Bitoinous Concrete Surface olO Ion 50.Ou 40,500.00 1075.48 Ion 53,774.00 f F

49 Pipe for Subgrade jixronge (Underdrains) DO L.F 15.00 900.00 49 L.F 735.00 F

50 Pipe Culvert, Size 24-inch; 14-G49e SCC 102 L.F 30.00 3,060.00 l2 L.F 4,060.00 f F

51 Heaiwall for 24-Inch Pipe 2 Ed. 1000.00 2,000 00 4 Ea. 4,000.00 t F

52 Stone Dispersal Pad 8 C T 50.00 400.00 9.6 C.Y 4WC.0D F

53 Drop Box Inlet at Sta 110SO I Ed. 1000.00 1,00 00 1 Ea. 1,000.00 F

54 Drop lox Inlet dt Sta 1700 l Ed. 1000.00 1,000.00 1 Ea. 1,000.00 F

55 Rock Fill Bench Drainage Ldyef 965 C.0 2.00 1,930.00 1636.56 C.1 3,273.12 f F

56 Gndrdgnil, Sing!e Face 5920 L.F 12.00 71,040 00 6033.7 L.F 72,404.40 1F

57 Channel Liluxg; Class N! 540 Ion 14.00 7,560 00 408.79 ton 5,723.0o F

5f Slush-Grouted Stone Protection 335 50 15.00 5,025 00 450.4 S.Y 6,256.00 oF

59 Pavement Marking 10650 L F 0.40 4,20.00 10702 L.F 7,512.80 OF

60 Precst Concrete Parking Blocks S Ea. 100 00 500.00 5 Ed. 500.00 F

61 NUlAe 51 Stone Bodse 5J20 Ion 12 00 13,840 00 4366.7 Ion 52,400.40 F

£0G FUM 93-A (IESI) PAYNI00 ESIINAIE
(E-3)



I-
12-01 E. CONTRACT QLANTITIES (cont)

Estimated Vs. Actual
(as of June, 1989)

1(0 DESCRlflIVH 
-. -- ,OtO,,.,, 0. l 0T;i;; 00 O-AO-OOSOOO*SOi

.... irr RIF PRICE ,MAI OuOTO 6031O62 Drilling and Grou ing Holes for Anchor Bars 1600 F 10.00 16,000.00 1455 L.F 14,550.00 F
(6 Drilling Dralndge Holes 500 L.U 20.00 10,000.o0 468 L.F 9,360.00 F

64 Stowe Slope Protection; 24-lach thickness 15430 C.0 23.00 354,890.00 )6961.7 C.Y 390,119.1o f F
65 Stone Slope Protection; 36-lich llckness 3660 C.Y 30.00 109,800,00 3631.93 C.1 108,957.90 F
66 iedding Materidi, lpe 1 920 C.0 25.00 23,000 00 v02.93 C.j 22,573 25 F
67 edding Mdleridl; type if Y40 C r 25.00 23,500.00 91.08 C.Y 22,902.00 F
68 Roc Spell Slope Protectin 

900 C.y 4.00 3,600.00 705 C.Y 2,29.00 F
o09 Filter Cloth 

9200 S.r 1.50 13,000 00 2525.71 S.Y 3,708.6 t F
70 lype I Gutter 

710 L.F 70.00 53,900 0 lOn L.F 76,020 00 1 F
71 lype 11 uier 

Jy70 I F 70.00 147,90.00 1966 L F 137,620,00 F
72 type Ill &utter 

420 L.F 05.00 35,700.00 6o8 L F 56,7v0.00 * F
73 Seeding 

100 Ac. 1500.00 150,000.00 79.55 Ac. 119,325.00
74 lest Fills 

I Ju 50000.00 50,000 00 1 300 50,000.00 F
75 Concrete Sidewdli, Ramp cnd Apron 145 S.0 30.00 4,350.00 112.12 S.0 3,363.60 F
76 Chain Link Fence; n-Fool oba L.F 25.00 16,500.00 4n9 L.F 19,225.00 0 F
77 Concrete in lutke Structure 2S00 C Y 350.00 825,000.00 2434.06 Y 851,921.00 F
78 Concrete In Spillwa yA Service Bridge Abuttents 20 C y 250.00 70,000.00 287.77 C T 71,942.50 1 F
79 Concrete in Spillway 4 Ser. Or. Approach Slabs o5 C.y 15.00 11,375 00 59.47 Cy 10,407.25 F
0 Concrete in Spullwae Sill 60 C.Y 250.00 1S,000 00 60.75 C. 15,187 50 t F

81 Concrete in Inclined Leg Found. & Spillway Lining 524 C.0 250.00 131,000.00 545.79 C,. 13f,447.50 #0
2 Concrete in Cellular Colferdas CdP and oer* 3100 C Y 200.00 620,000.00 5187 43 C.y 1,037,406.001 F
83 Concrete in Cofterdat Closure Wdlls 13 C.Y 250.00 450,000.00 J620.5 C.Y 405,125 00 F
84 Second Pour Concrete 

00 C 5 0(0 00 40,000.00 90.44 C 45,220.00 # F

.......................................................................................
600 0600 93-A (I651) P41068I £5110410 (E-4)



12-01 E. CONTRACT QLANTITIES (cont)

Estimated %s. Actual
(as of June, 19891

-- ---- -------- ------ ----- ---------------------- 4M m OlIDIL -W DAIEM - sts

No. DESCRIPIIUH 84IIIY UII PRICE 0OUI 0081 l0y MO8J0 VCF

85 Steel Rernlorcezent -Epoxy Coated 155000 Lb. 030 106,500.00 213967.Y6 Lb. 149,777.51 # F

Steel Reinforcement -lon-Coated 116700 Lb. 0.50 58.350.00 126159.38 Lb. 63,079.69 F

87 aterstops; Metal 60 LF 6.00 3,960.00 641 5 L 3,849.00 F

0 Aluminum Doors for Intake Structure I30J 5000.00 5,000.00 1 JO 5,000.00 F

89 Maintenance Buildig Ju 320000.00 320,000.00 .99 Jo 316,800.00 4

90 neted Gage 1300 3000.00 3,000.00 1 308 3,000.00 F

91 Waterproltng I JuB 1000 00 1,000.00 1 3 1,000.00 F

92 Letters, Nutsrdls; and Insignia JOB 6000.00 6,000.00 1 JOB 6,000.00 F

93 Crilles 1 300 10C0.00 1,000 00 1 JOB 1,000.00 F

94 Cocrete HOtch Covers 1300 11000.00 11,000.00 YS 308 10,780.00

95 Hatntenance oulkheads 13J,8 50000.00 50,000.00 1JOB 50,000.00 F

Y6 Ventlidllioo System 1 38 14000.00 14,000 00 1 300 14,000.00 F

97 Hand Hoist I J6 3000.00 3,000 00 1 JOB 3,000.00 F

98 Puller Hoist I JOB 1000 00 1,000.00 1 JOB 1,000.00 F

99 eulkhead Door I 308 7000.09 7,000.00 1 JOB 7,000.00 F

100 Floor Drains and Orain Piping 1 300 4000.00 4,000.OG 1308 4,000 00 F

101 Grab Bdrs 1 Jo 500 00 500 00 1308 500.00 F

102 Air Vent System I JO 18000 00 l,000 00 1JOB 18,000.00 F

103 Trash Screens 1 JO 24000.00 24,000.00 1JOB 24,000.00 F

)(' Steel Ldilers 1 JOB 5000.00 5,008 00 1 JOB 5,000.00 F

105 Aluminum Pipe Railing 1 J08 IYO00.00 19,000 00 1JO 19,000.00 F

106 Aluminum Grating, Hatch Covers and Frames I J 8 14000.00 14,000 00 .Y5 JOB 13,300.00

107 hiscellaneous Ferrous Metal Items I JOB 3000 00 3,000 00 1 JO0 3,000.00 F

ENS FORH 93-A (TES) PAYMEI CSI(AIE (E-5)



12-01 E. CO\TRACT QLANTITIES (conti

Estimated Vs. \ctual
(as of June, 19891

eaeOoo1o1"r.oueo~ OOOi OTAL TO DAOTEostsiei
0F NO. DESCRIPIION 0AN1II 1 UNIT PRICE AMQ1IT QUATIT(y AMlOUT O F

F 108 Stainless Steel Angles I O 3000.00 3,000.00 1 JO 3,000.00 F

f F d Gate for Int4 e Structure I Jo 1000.00 1,000.00 1 JOB 1,020.00 F

F 110 Project Signs (Jul 2000.00 2,000.00 130J 2,000.00 F

F11 ianhole Steps I JUl 500.00 500.00 ( 300 500.00 F

112 Cast Iron 6rn;rage Pipe; Size 4-Inch 75 L.F 12.00 900 00 76 LF 912.00 *F

F 113 Outlet Drainage Pipe, Size l-Inch 250 L F 30.00 7,500.00 321 L.F 9,630.00 F

F 114 Drop Inlet No. 3 ( Jul 500 00 S00 00 ( Ju 500.00 F

F 115 Drop rIlet RD 4 1 30 S00.00 500.00 1 Jul 500.00 F

F 116 Pipe Underdrains; Size 6-Inch 2o0 L F 8 00 2,000.00 SO L.F 2,88000 F

117 Culvert Outfalls 3s C Y 24 00 140 00 57.4 C Y 1,377.60 f F

F 118 Service Bridge Superstructure 1 308 80000.00 80,000.00 ( 300 80,000.00 F

F 1t9 Spillway Bridge Superstructure I JB0 435000.00 435,000 00 1 30B 435,000.00 F

120 Main Sluice Gates; Frames and Accessories I J8 450000.00 450,000.00 1 JOB 450,000.00 iF

121 Selective Withdrawal Inlet Gates 1 308 180000.00 180,000 00 .99 JOB 178,200.00

122 Selective Withdrawal Outlet Gates, Frames & Liners I J0 230000 00 230,000.00 ( JoB 230,000.00 4F

123 Selective Withdrawdl By-pss Valves I Conduit Piping I JOB 60000.00 o0,000.00 1 J0B 60,000.00 F

124 Control Gates Operating System (Jug 90000.00 90,000.00 .99 301 89,100.00

125 Floatuell System (300 30000.00 30,000.00 130B 30,000.00 F

12o Raw Water Pumping System (Jul 14000.00 14,000 00 ( (OB 14,000.00 F

12,. Sampling Piping (JOB 4000.00 4,000.00 1 JOB 4,000.00 F

128 Fuel Systems -Mnintennce Building (JuB 20000.00 20,000 00 95 J, (9,000.00

129 Electrical Work IJul 350000.00 350,000.00 999 Jus 34Y,50 00 f

ISO Diesel Electric Generator Set - Maint Bldg IJOB 25000.00 25,000 00 1 JOB 25,000.00 iF

EN6 FORM Y3 A citl) PAY0Nl I)1 1MAE (E-6)



12-01 E. CONTRACT QLANTITIES (cont)

Estimated Vs. Actual

(as of June, 1989)

n0. DESCRIPTJON QUANTITYUNIT PRICE AMOUNT QUANTITY A0UNT OCF

131 Landscape Planting I 30 75000.00 75,000.00 .85 30 63,750.00

l( Portldnd Cement 32070.72 cwt 3.00 96,212.16 36043.26 cwt 108,129.78 f F

132Ab Pozzolan 5445.09 C F 2.00 10,891.78 7056.49 C F 14,112.98 # F

1330 Bedding Material, Graded Filter Type 2 3960 C.1 21.00 03,160.00 4087.0 C T 85,843.80 * F

P00002-I Pipe Culvert; 36-inch; 10 gage 8CCOP 170 L.F 114.00 19,380.00 170 L.F 19,380.00 F

P00002-2 fleaddll-3n Inch; 30 degree Skew 2 Ed. 3000.00 6,000 00 2 Ea. 6,000.00 F

P00002-3 Pipe Culnert; f2-inch, 0 gage 8CCMP 70 L.F 244.00 19,032.00 78 L.F 19,032.00 F

P00002-4 Oeadwal-72 inch, 0 degree Skew 2 Ea. 7200.00 14,400 00 2 Ed. 14,400.00 F

POOOO-I V E. Change to Slurry Wall I Jul -25900.00 -25,00 00 1 J08 -25,000.00 F

P00003-2 .E. Incentive Adjustment I JOB 14245.00 14,245.00 1 301 14,245.00 F

P00005-1 30 degree Wie Reinforcing O00 L F 24.06 40,521 60 1630 L.F 40,521.00 F

P0006-i Additional Fois for Trash Boom I JoB nOO 00 ,000.00 1 JOB 6,000 00 F

P00007-I Relocate 0/S Well Control Panels I J 6244.00 6,244.00 1 JoB 6,244.00 F

P00008-1 Itake Structure Base Forswork I JOB 7500.00 7,500.00 1 JOB 7,500.00 F

P00009-i Grnnd Main Sluice Conduit Liners 0 J 1100.00 1,700.00 1 Jul 1,700.00 F

P000-I Delete Deadjan Anchor I JOB -3100.00 -3,100.00 1JOB -3,100.00 F

POOOII Locking Pin Material Substltution I JuB 172.00 172.00 1Jo 172.00 F

P00012-1 Notch in Downstream Diversion Dike 0 J0 6050.00 6,050.00 3JO 6,050.00 F

PO013-1 Sample Concrete eatches I Ju 13039 00 13,039.00 3JOB 13,039.00 F

P0 -2 Alternate Mining Water for Concrete 1 308 4726.00 4,726.00 1JOB 4,726.00 F

Pooo14-I Deletion of Power Cable I JoB -2880.00 -2,80.00 1 Ju8 -2,880.00 F

P0001F-I Test fill I JOB 2405.41 2,405 41 1JOB 2,405.4 F

P00015-2 Quarry Sample Test 2 Ca. 525.00 1,050 00 2 Ea. 1,050.00 F

ENG FORM 93-A (TEST) PAYMENT ESTIMATE
(E-7)



Lz-OI L. CONTRACT JLANT[TIES (Cnt)

Estimated is. kctual
(as of June, 1989)

.UANIMR UNIF PRICE ABOUNI MOM01110 0004 OCF
P00015-3 rest Pits...

10 (. 723.00 7,230.00 10 Ea. 7,230.00 F
(F P( '-I Deletion of Fuel Storage dnd Dispersing System 1 300 -14700.00 -14,700.00 1 J0B -14,700.00 F

F P00017-I Extend 3o' Diameter Floatwe1l Pipe 1J08 1575.00 1,575.00 1 JOB 1,575 00 F
F P0018-I Modification to Ndsonry MllS 1 308 2017.00 2,017.00 1 JOB 2,017.00 F
F P00019-1 Additional Inspection of Odl Foundation I J0B 7000.00 7,000.00 1 JOB 7,000.00 F
F P00020-I Remove & Replace Unsuitable Ddm Core Hdterll I JOB 57570.00 57,570.00 3 Jo 57,578.00 F
F P00021-1 3" Wterlhie 1000 L.F 16 96 ib,no0 00 1000 .F 16,960.00 F
F P00021-2 2' Waterlise 1U30 t f 16.05 29,371.50 2140 L.F 34,347.00 + F
F P00021-3 1-1/4' Outerlire 300 L F J6.01 4,003.00 176,5 L.F 2,825.77 F
F P00021-4 4" Steel Cusing 25 L.F 12 00 300.00 75 L.F YO0.00 # F
F P00021-S 2' Gate Valve & Iox 2 Ea 277.00 554.00 0 Ea. 0 00 F
F P00021-6 1-1/4" Gdte Valve & Box I Ea. 117 00 117 00 1 d. 117.00 F
F P00022-1 Remove FOp 5' of Upstream Cofferdam Cut-off walls 1300 5065.00 S,005 00 1 Jo 5,OS.00 F
F P00023-1 Suspension of Concrete Work on Intdke Structure 1300 59640.16 59,640 16 1 308 59,640.16 F
F P00024-I Preparation of Alternate Borro, Area 1300 12214.00 12,214.00 1 JO0 12,214.00 F
F P00026-1 Paint Embedded Keals iA Intake Struct. BeJom El. 635 030 49950.00 49,950.00 t J0B 49,950 00 F
F P00027-I Pressure Reducing valves for Sel. With. Inlet Gates 1JO 6400.00 6,400.00 75 308 4,800.00 *
F P00020-I Changes to meet Seisnc Standards 1J08 16931.00 16,931.00 1 Jo Io,931.00 sF
F P00028-2 Epoxy Floors in Iolet Areas IJOB 3655.00 3,655.00 3 J0 3,655.00 F

PO' 3 A d d i t io na l F r a m in g fo r S o f t 1 3 0 1 0 0 .0 1 , 0 0 .0 1 3 0 0 1 , 0 1 .0 0 F

F P00029-1 Itru Drilling of Connecting Collars on Gote Stems 1 JO 6202.06 6,202.06 1 00 o,202.06 $F
F P00029-2 Cover Plates over Floor Openings & Add Railings I JoB 6356.46 6,356 46 0J301 6,35n.4 #F
F P00029-3 Change Doaneter of Gate Stem Collars and Wrenches 1 300 2832 89 2,832.89 1 308 2,02.09 8F

------------------------ ------------ ---------------- ----------------- --------------- ---------------------
ENG FORK 93-A (1SI) PAYOENL ESITN.. .

(E-8)
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12-Ol L. CONTRACT_3LANTIT1ES (contj

Estimated \s. ketual

(as of June, 1989)

"" } .......................................... -------- ---- -------- ------------ --- ;------;--;---;;;------------- ----- ---------
ITOCF 1TEM:: NO. UESCRTPTRoN "

t
''4OTATt4.s,,, *

4
*#OA HRRsns.0O . T 

AHrY UNIT PRICE AMOUN! QUANTITY MOUNT OCF
P00029-4 Additzonal threads or Hydraulic Systen Anchor Rols I JOB 455.26 455 26 1 3cR 455.26 f

0 F 25,072,252.48 21,517,132.58

0 F t DENOIES OVERRUNS (W) DENOTES CHANGE (F) DENOTES FINAL QUANTITY

RF

1O F

,0 F

,O F

,Oi F

7RF

O+F

OF

O F

6 F

SF

SF* F

'F

F

....................................................... ...............................



12-01 F. CHRONOLOGICAL SEQUENCE OF CONSTRUCTION

Date Event

29 Apr 86 Contract was awarded to Lane Construction Corp.
15 May 86 Notice to Proceed
15 May 86 Began clearing and grubbing
15 May 86 Began common excavation at dam site
19 May 86 Preparatory meeting for rock excavation
20 May 86 Began drilling and blasting of diversion channel
21 May 86 Began common excavation of diversion channel
27 May 86 Began drilling and blasting of dam core
13 Jun 86 Constructed temporary dikes on Blaine Creek at dam
07 Jul 86 Began constructing U/S diversion dike
21 Jul 86 Began drilling and blasting of cofferdam monoliths
22 Jul 86 Began exploratory drilling at spillway bridge
23 Jul 86 Began excavation for service road
29 Jul 86 Began constructing r3S diversion dike
30 Jul 86 Began excavation of aae U/S slurry cutoff wall
01 Aug 86 Completed exploratory drilling in spillway
12 Aug 86 Preparatory meeting for dewatering system
15 Aug 86 Began installing dewaterinq wells
27 Aug 86 Began drilling and blasting of spillway
08 Sep 86 Completed U/S slurry cutoff wall
09 Sep 86 Began excavation of the D/S slurry cutoff wall
16 Sep 86 Began common excavation at cofferdam el. 575 - 570
25 Sep 86 Completed common excavation at cofferdam
25 Sep 86 Began drilling and blasting of rock borrow area :1
06 Oct 86 Completed dewatering system
23 Oct 86 Completed the U/S diversion dike
23 Oct 86 Completed the D/S slurry cutoff wall
30 Oct 86 Began placing and driving sheet pile for cofferdam
03 No% 86 Completed the D/S diversion dike
17 Nov 86 Diverted water through diversion channel
13 Jan 87 Began filling cofferdam cells with bottom ash
10 Fib 87 Completed driving piling for cofferdam cells 1 - 6
03 Mar 87 Completed filling cofferdam cells
05 Mar 87 Plugged Blaine Creek at intake channel
24 Mar 87 Placed concrete at the rock-cofferdam cell closure
09 Apr 87 Placed first lift concrete for cofferdam mono. &4
13 Apr 87 Placed first lift concrete for cofferdam mono. &3
15 Apr 87 Placed first lift concrete for cofferdam mono. 2
17 Apr 87 Completed cofferdam cells I - 6
27 Apr 87 Installed anchor bars for trash boom
01 May 87 Placed concrete for intake structure 570 - 575
05 May 87 Completed concrete for cofferdam mono. 1 - 4
11 May 87 Began line drilling spillway inclined legs & sill
12 May 87 Began concrete placements for spillway bridge abut
19 May 87 Began installing anchor bars for inclined leg
20 May 87 Placed concrete for intake structure 575 - 584
01 Jun 87 Completed line drilling spillway sill & incl. legs
04 Jun 87 Excavated spillway sill and incline leg keys
05 Jun 87 Completed installing anchor bars for inclined legs

-- (F-IL



12i01 F CHRONOLOGICAL SEQUENCE OF CONSTRUCTION (cont)

Date Event

05 Jun 87 Began installing anchor bars in spillway sill
09 Jun 87 Began 10'-wide S.S. Rockfill D/S cofferdam berm
11 Jun 87 Began concrete placement of spillway inclined legsC IJun 87 Began concrete placement of spillway sill
16 Jun 87 Completed 10'-wide S.S. Rockfill D/S cofferdam
22 Jun 87 Completed concrete placement of spillway sill
03 Jul 87 Placed concrete for intake structure 584 - 593.5
17 Jul 87 Completed concrete cofferdam berm, stage IV
22 Jul 87 Placed concrete for intake structure 593.5 - 600.5
03 Aug 87 Placed concrete for intake structure 600.5 - 610.5
06 Aug 87 Began placing S.S. around intake channel & struct.
06 Aug 87 Diverted Blaine Creek through the intake structure
10 Aug 87 Began constructing plugs in diversion channel
12 Aug 87 Completed placing S.S. in intake area
17 Aug 87 Placed concrete for intake structure 610.5 - 619
20 Aug 87 Completed constructing plugs in diversion channel
20 Aug 87 Began drill & Llast right diversion channel wall
24 Aug 87 Preparatory meeting for found, curtain grouting
25 Aug 87 Line drilled shale seam for dental concrete, dam
03 Sep 87 Began driving sheet pile for cofferdam cell t7
16 Sep 87 Placed first lift concrete for cofferdam mono #5
17 Sep 87 Completed driving sheet pile for cofferdam cell #7
23 Sep 87 Placed concrete for intake structure 619 - 627
24 Sep 87 Began exploratory drillinV in dam foundation
30 Sep 87 Completed cofferdam cell #7 concrete cap
30 Sep 87 Completed exploratory drilling in dam foundation
01 Oct 87 Completed press. testing and sealing explor. holes
01 Oct 87 Completed concrete placements for cofferdam mono 5
02 Oct 87 Completed overburden excavation of dam site
02 Oct 87 Began dam embankment, 24" random rockfill, D/S
05 Oct 87 Placed first lift concrete for cofferdam mono #6
06 Oct 87 Began foundation drilling and grouting
06 Oct 87 Completed concrete for spillway inclined legs
06 Oct 87 Began const. of spillway bridge superstructure
10 Oct 87 Completed concrete for cofferdam monolith #6
16 Oct 87 Line drilled portions of broken zone to be treated
21 Oct 87 Placed concrete for intake structure 627 - 635
22 Oct 87 Began placing dental concrete, 277 yds @ bkn zone
23 Oct 87 Placed 246 yds dental concrete @ broken zone( 28 Oct 87 Began line drilling for service bridge abutment
29 Oct 87 Completed drilling and blasting in dam foundation
29 Oct 87 Completed spillway bridge superstructure
05 Nov 87 Placed concrete for intake structure 635 - 644.25
16 Nov 87 Placed concrete for intake struct. 644.25 - 653.75
16 Nov 87 Began concrete placement for spillway bridge deck
20 Nov 87 Completed concrete for spillway bridge abutment
30 Nov 87 Began concrete for service bridge abutment
08 Dec 87 Placed concrete for intake struct. 653.75 - 663.25
22 Dec 87 Began concrete placement for service bridge abut.

(F-2)



12-0! F aG0nLOGIGAL SrUEsCF OF COSLF70 Icont)
Date Evet

13 Jan 88 Placed concrete for intake struct. 663.25 - 677.5
28 Jan 88 Began post-grouting exploratory drilling, dam

04 Feb 88 Completed post-grouting exploratory drilling
15 Feb 88 Cc=pleted concrete for service bridge abut=ent
17 Feb 88 Placed concrete for intake struct. 677.5 - 687.5
26 Feb 88 Placed 17.5 cu. yds. dental concrete @ bkn. zone
29 Feb 88 Placed 12.0 cu. yds. dental concrete @ bkn. zone
01 Xar 88 Placed 8.0 cu. yds. dental concrete @ bkn. zone
02 Far 88 Placed 16.0 cu. yds. dental concrete
07 Mar 88 Placed 22.5 cu. yds. dental concrete @ bkn. zone
07 Far 88 Completed intake structure parapet walls
08 Mar 88 Placed 8.0 cu. yds. dental concrete @ bkn zone
22 Mar 88 Preparatory meeting for dam embankment
09 Mar 88 Began coast. of service bridge superstructure
11 'ar 88 Placed 32.0 cu. yds. dental concrete 0 coal seam
15 .ar 88 Placed 30.0 cu. yds. dental concrete @ coal sea-
16 Mar 88 Placed 31.0 cu. yds. dental concrete R coal seam
16 Xar 88 Completed service bridge superstructure
17 Mar 88 Placed 46.0 cu. yds. dental concrete
18 'ar 88 Placed 36.o cu. yds. dental concrtet @ coal seams
23 Mar 88 Began concrete for service bridge deck
28 Mar 88 Began placenent of 12" processed s.s., dan
29 Mar 88 Began placement of impervious core of dan enbank.
06 Apr 88 Completed foundation drilling and grouting
08 Apr 88 Began placenent of 24- s.s. rockfill, dam
11 Apr 88 Completed concrete for spillvay bridge deck
13 Apr 88 Began drilling drainage holes in spillway lining
13 Apr 88 Reworked portion of inpervious core el. 530 - 528
14 Apr 88 Removed imperv. core to treat found., 4+90 - 4+20
15 Apr 88 Placed 3.0 cu. yds. dental concrete @ shale/s.s.
21Apr 88 Placed 8.0 cu. yds. dental concrete @ coal sean
26 Apr 88 Placed 8.0 cu. yds. dental concrete @ coal seam
26 Apr 88 Completed drilling drainage holes in spillway
27 Apr 88 Excavated imperv. core, 545 - 541, 5+75 - 7+00
03 May 88 Placed 8.0 cu. yds. dental concrete @ coal seam
11 May 88 Placed 10.0 cu. yds. dental concrete @ shale/s.s.
13 May 88 Constructed impervious core test pad
17 May 88 Reworked imperv. core, 557 - 551, 3+50 - 7+00
27 May 88 Reworked portions of impervious core, 574 - 570r 31 May 88 Reworked portions of impervious core, 574 - 570
02 Jun 88 Reworked imperv. core, 578 - 576, 3+25 - 4+50
06 Jun 88 Placed 6.0 cu. yds. dental concrete @ s.s.
10 Jun 88 Began placement of blanket drain @ 590, dam
23 Jun 88 Began placing Type I & II graded filter, dam
28 Jun 88 Began placing stone slope protection, dam
07 Jul 88 Placed 16.0 cu. yds. dental concrete @ shale seam
08 Jul 88 Completed dental concrete w/ 12 cu. yds. @ shale
13 Jul 88 Preparatory meeting for maintenance building
25 Jul 88 Began construction of maintenance building

(F-3)



12.01 F CnO.%CTOG:CAL SESObU-CE0--F COSTRUIO.Z (cont)

Date Event

30 Aug 88 Cozpleted placing 240 s.s. rockfill, dan
31 Aug 8a cn peted placing 24" --ando rockfill, damm
09 Sep 88 Co-nleted placing incline drain, dan
09 Sep as Coleled placing 12- processed sandstone, dan

o 13 Sep 88 Cc=nleted placing irpervious core, dan
13 Sep 88 Began placing 8" s.s. rock-fill, dam I
21 ear 88 Co-pieted dan e=bankrant w/ 8" s.s. rockfi-lli
03 Oct 88 Connected pernanent trash boon
07 Oct 88 Retnred concrete cofferdam nono. to el. 616
24 Oct 83 Preparatory reeting for paving
26 Oct 38 Began placing stone base for roads
15 Nov 88 Began paving service & access roads
17 Nov 8 Cozpleted paving service & access roads
31 Aug 89 Acceptance of all physical work

(F-4)
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12-01 G. LIST OF SUBCONTRACTORS

Name Area of Responsibility

Ashland Acoustical Subcontractor for W. B. Fosson &
Sons Inc.

* All State Contracting Co. Sand blasting and painting

Boyles Bros. Drilling Co. Exploratory drilling & foundation
drilling and grouting

Bush Industries Partial seeding and trash boom

Cabell Sheet Metal Subcontractor for W. B. Fosson &
Sons Inc.

Coalfield Contracting Clearing and grubbing
and Engineering Inc

W. B. Fosson & Sons Inc. Maintenance Building

Richard Goettle Inc. Sheet piling, cofferdam cells

High Tech Mechanical Subcontractor for W. B. Fosson &
Sons Inc.

J & H Reinforcing & Subcontractor for W. B. Fosson &
Structrial Erectors Sons Inc.

Manning Rebar Inc. Reinforcing steel

McClelland Services Inc. Slurry cutoff wall

Carmen W. Moon Masonry Subcontractor for W. B. Fosson &Contractors Sons Inc.

Mountain Enterprises Inc. Paving

Penn Line Services Seeding and Landscaping

Ross Bros. Construction Co. Bridge construction

* Stacon Corp. Dewatering system

Swanson & Nunn Electric Co. Electrical work

Triad Engineering Drilling Subcontractor for Stacon Corp.
& Services

Varney Door Company Inc. Subcontractor for W. B. Fosson &
Sons Inc.

(G-I)



12-01.H DENTAL CONCRETE

Quantity Reason forDate cu. Yds. Location Elevation treatment

10-22-87 277.0 5+64D - 5+96D, 517 - 521 Broken zone
68' U/S - 35' D/S in S.S.

10-23-87 246.0 5+48D - 5+96D. 517 - 521 Broken zone
35' D/S - 86' D/S in S.S.

02-26-88 18.5 5+21D - 6+OOD, 521 - 526 Broken zone
60' U/S - 75' U/3 in S.S.

02-29-88 7.0 5+21D - 5+27D, 521 - 526 Broken zone
26' U/S - 58' U/s in S.S.

02-29-88 5.0 5+95D - 6+OlD, 521 - 526 Broken zone
46' U/S - 60' U/S in S.S

03-01-88 2.0 5+55D - 5+64D, 521 Irr. surface
16' D/S - 38' D/S w/ bd. pn.

03-01-88 3.0 4+70D - 5+02D, 526 - 528 Irr. surface
10' D/S - 50' D/S w/ vert. jt.

03-01-88 3.0 4+34D - 4+42D, 529 S.S./shale
37' U/S - 1' U/S contact

03-02-88 6.0 5+79D - 6+01D, 522 - 526 Broken zone
74' D/S - 83' D/S in S.S.

03-02-88 5.0 6+80D - 6+84D, 531 - 534 Thin shale
58' U/S - 40' D/S seam

03-02-88 5.0 6+89D - 7+01D, 535 - 537 Thin shale
62' U/S - 38' D/S seam

03-07-88 10.0 5+34D - 5+54D, 521 - 525 Broken zone
86' D/S - 104' D/S in S.S.

03-07-88 12.3 5+38D - 5+74D, 521 Broken zone
69' U/S - 40' U/S in S.S.

03-08-88 6.0 5+43D - 5+53D, 521 Broken zone
73' D/S - 91' D/S in S.S.

03-08-88 2.0 5+90D - 6+OOD, 526 Broken zone
81' D/S - 82' D/S in S.S.

03-11-88 32.0 3+79D - 3+89D, 536 - 545 Coal seam w/
C.L. - 25' U/S shales

(H-i)



12-01 H. DENTAL CONCRETE (cont.)

Quantity Reason for
Date cu. vds. Location Elevation treatment

03-15-88 30.0 3+79D - 3+89D, 536 - 545 Coal seam w/
( 25' D/S - 52' D/S shales

03-16-88 31.0 3+79D - 3+89D, 536 - 545 Coal seam w/
C.L. - 25' D/S, shales

03-17-88 40.0 3+79D - 3+89D, 536 - 545 Coal seam w/
25' D/S - 63' D/S shales

03-17-88 6.0 5+60D - 5+80D, 521 Broken zone
24'U/S - 50' U/S in S.S.

03-18-88 26.0 4+03D - 3+81D, 536 - 543 Coal seam w/
52' D/S - 76' D/S shales

03-18-88 10.0 3+64D - 3+66D, 546 - 548 Coal seam
66' U/S - 60' D/S

04-15-88 3.0 4+37D - 4+71D, 528 Shale/S.S.
2' U/S - 30' U/S contact

04-21-88 8.0 7+37D - 7+40D, 547 - 549 Coal seam
45' U/S - 42' D/S

04-26-88 8.0 3+59D - 3+64D, 551 - 548 Coal seam &
52' U/S - 4' D/S shales

05-03-88 8.0 7+75D - 7+79D, 558 - 560 Coal se. &
31' U/S - 32' D/S S.S/sh cont.

05-11-88 10.0 3+19D - 3+39D, 560 - 564 Irr. surface
29' U/S - 32' D/S w/ S.S./sh

06-07-88 6.0 8+43D - 8+46D, 585 - 587 Poorly cem.
28' U/S - 28' D/S sandstone

07-07-88 16.0 8+84D - 8+86D, 612 - 614 Shale seam
28' U/S - 27' D/S

07-08-88 12.0 8+86D - 8+88D, 614 - 616 Shale seam

28' U/S - 27' D/S

(H-2)



12-CI.H DENTAL CONCRETE (cont)

- Dental concrete consisted of a 6 bags/cu.yd. cement mixwith fly ash and having a top sized aggregate of 3/4".

- 8.3 cubic yards of neat and sanded grout was usedthroughout the dam foundation to treat joints, bedding planes andlithologic contacts. This grout was mixed with variouscement/water ratios (0.5:1 to 2:1) and was applied using variousmethods (broomed, trowlied, etc.).

- All rock surfaces treated with dental concrete or groutwere properly prepared, such as: cleaned, chipped, formed (ifneeded), and removal of loose and drummy rock.

(H-3)
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MAJOR JOINTS MINOR JOINTS

(6) N oE (4) N 12W (6) N (2) N 6WE
(11) N 5*E N 15°3 (9) N 5°E (4) N 5°W
(2) N1l° .EV 20°W (4) N 40E (7) N lOW(3) N W5E N 302W (4) N WE° (2) N 15°W

N 25°E (2) N 35°W (3) N 200E N 20oW
(3) N 30-E N 60*W (3) N 25*E (2) N 30°W

N W5E (7) N 30°E N 35°W
N 40°E (2) N 40°E N 40*W

(2) N 45-E (2) N 50°E N 45°W
N 5°W N 60E N 50oW

N 55°W
N 75oW

Joints were measured from the pre-split core at the dam site
- Major joints are considered as those being in excess of 20 feet in length
- A total of 104 joints were measured: 41 major joints and 63 minor joints
- Joints were measured to the nearest fifth degree
- Most joints measured were vertial to near vertical with the following exceptions

Major Joints Minor Joints
N 5°E, 50°E N 5"W, 50°E
4 5-E, 60°E NIOW, 30*E
N 350E, 350E

(2) N ION, 60°E

- No faults were located in the core of the dam, with the exception of
the horizontal broken zoner

(I-1
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- No, faults were located in the core of the damn, with the exception ofthe horizontal broken zones. One minor fault is located in the spillway
with an alignment of N 75'E, 45'S. This is a normal type fault with
a 4' displacement. T?



22-01 J. EXPOSIVES DATA

Contractor

The Lane Construction Corp.

Description

Pre-splitting drilling and blasting, production drilling
and blasting, and line drilling.

Equip=ent

1 I. R. Air Track Drill
2 G. D. Air Track Drills
3 Air Compressors
1 Bulk ANFO Truck
1 Flat Bed Truck
2 Storage Magazines
1 Storage Trailer
I Bulk ANFO Storage Tank

Materials

Supplier: Eastern Kentucky Explosives

Manufacturer: Atlas Powder Company

Types:

Blasting Agents ..... Bulk ANFO, Bagged ANFO, Apex
Other Explosives .... Kleen-Kut, Giant Gelatin
Primers ............. Power Primer, Atlas Cast Boosters
Other Accessories... Electric Blasting Caps (Rockmaster),

Detonating Cord, Blasting Machine,
Safeguard Seismic Unit 1O00D

Chronological Sequence

May 86
20 Began drilling and blasting diversion channel
30 Began blasting left abutment of dam

Jan 86 -1(;
24 Completed left abutment of dam from el 69q to 603

Jul 86
21 Began drilling and cofferdam monoliths 1 thru 4C4
26 Began blasting right abutment of dam
31 Completed blasting in diversion channel

Aug 86
27 Completed blasting for cofferdam mono. 1 thru 4
27 Began drilling and blasting spillway

Sep 86
25 Began drilling and blasting Rock Borrow Area #1
29 Completed blasting right abutment of dam 671 - 573

(J- 1)



12-01 J. EXP.,SVES DATA

Chronological Sequence (cont.)

May 97
4 Completed blasting spillway
11-13 Line drilled incline leg foundation, spillway
26 Line drilled spillway sill
27 Began line drilling channel lining keys, spillway

Jun 87
1 Completed line drilling channel lining keys
4 Mechanically excavated spillway sill and keys

Aug 87
12 Began blasting right abutment of dam el 573 - 526
20 Began blasting right wall of diversion channel
25 Line drilled shale seam in left abutment
29 Began blasting left abutment of dam el 603 - 526

Sep 87
2 Completed blasting right wall of diversion channel
11 Completed blasting right abutment of dam

Oct 87
2-3 Blasted valley section of dam el 526 - 521
16 Line drilled broken zone in dam
28-29 Line drilled service bridge abutment
29 Completed blasting left abutment of dam

Sep 88 Completed drilling and blasting Rock Borrow Area

(J-2)



12-01 J. EXPLOSIVES DATA

DA-M AND SPILLWAY

Line Drilling

Hole Diameter: ........... 3"

Spacing: ................. 6" center to center

Pre-splitting

Hole Diameter: ........... 3"

Spacing: ................. 30" center to center and
18" center to center

Average Powder Factor:... 0.11 lbs/sf

Production

Hole Diameter: ........... 3 1/2"

Drill Pattern: ........... 4' X 4' to 8' X 8'

Average Powder Factor:... 0.96 lbs/cy

ROCK BORROW AREA all

Production

( Hole Diameter: ............ 3 1/2

Drill Pattern: ........... 8' X 8', 9' X 9'

Drill Depths: ............ 20' to 45'

Average Powder Factor:... 1.0 lbs/cy

Total explosives: ........ 930,000 lbs



BLASTING DATA SHEET NO. 706

A-> IPEE
.OWDER COMPAY HIGH-VELOCITY

- - - . ., . - ~HIGH-ENERGY EMULSIONS

SERIES 200BA AND 300BA SERIES - BLASTING AGENTS
The APEX 2008A and 300BA Series are offered in an APEX emulsion for just about every construction,

a wide selection of grades to meet specific needs of quarry or coal stripping job.
quarries. construction and surface coal operations. In coal stripping and quarry operations where

These high-energy emulsions are formulated for water-filled holes predominate, these water resistant
owasting agent iassfcation, providing added savings emulsions have been called 'the best wet hole powder
in convenience and storage. since dynamite."

A blend of fuel and oxidizer, the water-in-od emul- And all APEX grades have excellent low tempera-
sions have the oxidizer encapsulated as microscopic ture detonability.
droplets by the fuel. Since each microcell has an oily Depending upon their diameter, the detonation
exterior, the emulsions have excellent water resis- velocity of these APEX explosives ranges from 15,000
tance. All APEX grades withstand hydrostatic pressure to 19,000 fps, however, they carry a blasting agent
up to 300 feet. classification and are relatively safe to store and

These extremely small microcells givc APEX emul- handle.
sions a high velocity and consequently, a highly ef- In comparison with HD ANFO packed in a water
ficient energy output resistant.sleeve, APEX affords considerable cost/per-

APEX 200BA Series and its cord-compatible coun- formance economies
terpart, APEX 3008A, both feature a high detonation In actual usage, blasters have said, "APEX sinks
pressure which results in excellent fragmentation in better and shoots better than high density ANFO You
dry or wet holes, pay a little more for it, but it gets the job done."

Packaged from 2"x 16" to 9"x50 pounds, there is

( 1



PROPERTIES & SPECIFICATIONS PACKAGING
APEX AWS ABS RBS* STYLE 59V - PLASTIC FILM

caliigr caucc fStandard For 240 and 260 Only)

I 220or 320 I 680 I840. I 115 , SIZE ctgIBO1b. Size ctgI6Olb.

240or340 770 960 130 2"x 16 28 3-x16 12 J
260or,360 860 1070 145 2%-0x6 21 3Yh'x16 10

2%-'x16 17 3Y2-x16 9
VANFO=100) 2%4'xl6 14

Density zQ.2.gcc Detonation Pressure =115 kilobars FLOIGPCAESYE
Detonation Velocity = (3- dia.) 16-17,000 FPS AVAILABLE IN ALL GRADES

(5"ia. 1.19OOOPS(ALL WITH LOWERING TAPE OR LOOP)

'-PRIMING STYLE 25-RIGID CARDBOARD CARTRIDGE

The 200BA and 300BA Series are blasting agents. 4-x20 6-x30
As such. they require high explosive primers. Minimum 4Ys"x25 6Y2-x50

priming requirements are. 5-x30 7-x50

*Products in 4 inch diameter and larger 5% 0 8-Bx50

A minimum of a 4x5 lb Power Primer is recom-
mended for severe water conditions Under less STYLE 88T-POLYWOVEN BAG

severe conditions, a 3x8- Power Primer or a 1 -lb. 4-x20 6-x30
Cast Primer may be used. 41/2 x25 7-x50

-Products in 2-3 Y2 inch diameter 5-x30 8"X50
Power Primer. 2x8; or equivalent 5"x 15 9-x50

DETONATING CORD COMPATIBILITY REGIONAL OFFICES
The use of detonating cord can reduce the effec-

tvenryreleased by an explosive. The degree to WESTERN EASTERN
tie negy7332 Twi5Alton Way 341 i Sdvefsde Road

which this occurs is dependent on product, diameter Sud A 206 WebstrrBldg

of product and strength of detonating cord (see chart Enlldewood CO 80ii1 W.Iinr.in OE 19810
i303i 779 1200 1302) 478 6204

below)
CENTRAL INTERNATIONAL

i00 fastGolf Road 16201 SW 95th Ave
Srn1.510 M.. FL33157

CORD PRODUCT DIAMETER Stha,nrb,1g Iii095 (3051 238 6632
STRENGTH 2' 214 2%-.3%- 4--6-- 1312i843 8300 Cabie ATPOWCO

Telix 80 3373
4 tansii Neither 300 Series 200,300 Sewis SOUTHEtASTERN 80 3364

7 9, ratristit Neithei 300 Series 300 Series R-iga9Oi Poili
Ofion Bldg '4 "For innlovationl

18 grilsi Nithiler Neiniw 3005eries 1994G0ai1.nRd N inexplosives,
25lhlls~ii Notlils NeulilnI 300 Seies Madison TN37i lb ask Atastl"

(615 889 6270
-In.1fq c I 2008A S-- , nI.nhII f~itlidJ

Neither ih. manufaciurer oi faller oifs throduicis descibed hesrein

Observe the following when using 40 or 50-gra ksain wa~~~irny n kind expiess 01 implied. other than h11,
the poduct Shal be f merhantble qalit The pfilei8S and

detonating cord downlines or uplines characieistics staled end the8 methods discussed ris based on
teserchl end experience and we6 beieved t0 be accurate, bui

Product Diameter pulChi1i shlu make thleir own tesis to deterine the6 suiitiiiy of
Such products end applicability of such meithods foi their peritteolr
purpose

Lessthan4 ich 4inchs o greter Staemenis Conicernig ihe use oilth. producis described herein ale
Less ~ ~ ~ ~ ~ ~ ~ ~~o thn4ict nhso rae io be corntrued as recommeniding the infingement oi any ipatent.

and no iaiaiy for initringernefl aromal out of suchi use is assiumed
APEX 2008A Seiies Primei every 5 f! Primer every 1t In no even Cfi hlliffliii., manufacture r of $*lis be ruble for cone
APEX 3008A Series Porer every 5 ii Piimer every 10 It qitie d"41~t orI eIfn1

i184 SM (J-5) Pill.) dUllb A



BLASTING DATA SHEET NO.651

- OWDER CO PN

FOR OVERBREAK CONTROL

CARTRIDGED FOR PRESPLITTING, SLOPE CONTROL,
CUSHION BLASTING, SMOOTH BLASTING
AND UNDERGROUND USE Dynamite,

Atlas Powder Company pioneered the concept of controlling overbreak in the old
blasting to produce smooth walls in road cuts, quarries, building foundation
sites, slope control in open pit mines, etc. To provide maximum application
flexibility and lowest over-all cost, Atlas Powder manufactures three different Atlas workhorse,
grades in 36-inch lengths for use when employing overbreak control
techniques-' 'Presplitting." "Slope Control," "Cushion Blasting" and provides
"Smooth Blasting."

Some approximate application information based on experience is listed in
tabular form on the other side of this sheet. However, it is not possible to be
exact in such a table, since rock characteristics and local conditions play a
major role in selection of the proper explosives for each job. For this reason, renabilit
the data given should be considered only as a "rule-of-thumb" with the exact
details to be worked out with an Atlas sales representative or distributor at the
site.

W\\11
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ADVANTAGES
Extra-long 36-inch cartridge reduces loading costs. *Continuous column produces better results. *Three

grades meet a wide range of needs. * Package design permits varying explosive loads within the column.

KLEEN-KUT PROPERTIES AND SPECIFICATIONS

eoeriaLE OEOTc eowo.E R'.Tto lIATED "TED OF36 LIERFT PEA
.u E OAOW4 PRESSU.RE pliE5iUfE cARTOE VELOCITY VELOCITY CARTOES IFT PEA IS PER CASE

DENSITY ePec~i ie, STRENGTH Ai~i R-y ted lmoou"s CASE

C 0.40 58 34 52% 14.000 10,000 1.13" -~ 240 13 1565___ - 3 1
llt 1 0.25 13 181s 26% , 9,200 7,500 1.13" 348 5011

.Underground APPROXIMATEAPPLICATIONINFORMATION 
_____

C " o " 4"to42 3" o 8" S-48" S-48" to 60"
C 3to4 24to4" 3"to8" B-72" 8-60" to 90

E 2"to 3" 18" to 30" 24" to 36" - IS-30" to 42"

~ - - -' 8-2"to.60"

PACKAG ING "Must be handled and stored as a Class A explosive

Kleen-Kut explosives are supplied in 36-inch
cartridges Couplers are supplied on each cartridege
to provide rigid column structure. Kleen-Kut U is
especially formulated for underground use. How'
ever. C and E are not rated as Fume Class 1 and
should not be used underground

REGIONAL OFFICES
WtaTERN EASTERN

7332 Southr Alton1 Wav 3411 S,ko,s~d. Road
S ,, A -206 W.Eiif, Bldg
rn303To779c 1 t 200 1302)n1 o 198604 Neither the manufacturer of saner of the products descntied herein

makes any warranty of any lind, express or Implied, ether tha that.
CENTRAL INTERNATIONAL. the products shall be of merchantable quality The properties and

1900Etast Goii Roa~d 16201 SW 95th Aoe charactenisics slated and thle methods discussed are based on
S'himtil ILd, 60l9 1 305 3 h63 research and experience and are believed to be accurate bet
13121 843 8300 Cabe ATPOWCO parchasersthuld makeltheir wntesso deermine the uitabiity of

Teir,. 80 3373 Sucht produjcts a" applicobti of such mlemtplo fo~ )r pazt-Iru~j
SOUTHEASTERN 8e03364 purpose. W

R,ge.,ik Statements Concerning the use of the products descnibed herein are
1994.a. Rd '4 inoves. rio ntobe onstruedis recomaendtnghe innement ofany paen. j
Mad9iso ii EN31 ask entoaisl and no itabililyfor inringemient ansing out ofany such use Isassumed
i61ti1859 6270 ;1 In no, event shal either manuacluq ~ J

e,83 Sij (J-7) NW1



BLASTING DATA SHEET NO.645

\ ~ ~~0 'PODf MPANY

HIGH DENSITY HIGH VELOCITY

AN INDUSTRY STANDARD FOR OVERCOMING
HARDROCK BLASTING PROBLEMS Dynamite,

Atlas Giant Gelatin is widely used in river crossing, underwater ditching op- the old
erations, in pipeline work, quarrying, mining and construction where high density Atlas workhorse,
and good detonation pressure must combine to overcome hardrock blasting prob-lemos provides

The high performance and good fume properties of Giant Gelatin also make it

an excellent choice for underground mining and tunneling, proven
ADVANTAGES reliability.

High density and high velocity under * Good detonation pressure results in
confinement result in high effective excellent fragmentation
borehole pressure * Fume Class 1

* Excellent water resistance.

' ill

.(-.



PROPERTIES AND SPECIFICATIONS PACKAGING
* Density - 1.48
- Velocity fconfinedl - 1 5,000 fps ATLAS GIANT GELATIN is available in a complete
*Absolute bulk strength - 1,256 callcc range of sizes. Packaged in sprayed shells, with or
*Relative bulk strength (ANFO = 100) - 1 70 without the Redi-Slit feature. Redi-Slit cartridges
*Detonation pressure - 75 kilobars when tamped fill the borehole more completely and

make more efficient use of the power in~erent in the
C ARTRIDGES/50 POUNDS explosive. Also supplied in bullet-nosed large diam-

eter spiral-wound cartridges.

C CARTRIDGE SIZE STICK COUNT *Must be handled and stored s aClass Aexplosive.
1"x8,, 145-159

%,,x8,,117-128
1'.x "60-66 REGIONAL OFFICES -1 Y x8,, 95-105

1Y2'x 16" 34-36
2-x8" 36.40 WESTERN EASTERN

7332South AltonrWay 3411 I ,idne.6d2"x 16" 18-19 SuIrcA - 206 Web,,,,r Bldg
2 2 "'x 16" 13 Englewood C0801 i2 W~i.ng91r OE19810
2Y'/"x24" 8 1303)1779 1200 130214 78 6204
3"xl10 lbs. 5 CENTRAL INTERNATIONAL
3'/Y2x0 lbs. 5 1900E..11R~olisad 16201 SW 95ih A-

SChinimbu.8 1L60195 (305i1238 6632
13121843 8300 Cable ATPOWCO

Tele. 8o03373
SOUTHEASTERN 80 3364

R..e,gate Pa,k
011w Bldg '4 "For innovaion
1994 Galur,n Rd N in explosives.

-Muduson TN 37115 kAiui
- (1518996270

S Neither the manufacturer or seller of1150 products described hereinV . makes any warranty of any kind. express or implied, othier than that
the products shalt be of merchsantable quaitty The properties and
Characteristics stated and the methods discussed ure based on

- r~. cr.00 research and experience and are bekoved to tie accurate but~'4~% ~ purchasers should make their own tests todetlimine the suitatlof
sasch products and applecablity of such methods for their particular~\ \\\~ - purpose

Statements concerning the use of the products described herein are
not to be Construed as recommnding the infringement Of any patent.
and no liability for nf riegemnt ansing outol any such use in assumed

CIn no event shall either manufacturer or selle be liable for
cnsequential danmages Or expenses.

v184 3M (0-9) Pinirl inil',



I

t.. /

Ammonia gelatin dynamite is specially
formulated for use as a primer. In addition
it is the most economical over-all explo-
sive for bottom-load in quarries, mining
and construction.
" Lowest gelatin cost per foot of borehole
" Lowest-cost high velocity primer 0 Ex-
tremely high detonation and borehole
pressure J Detonates at high velocity only
N Superior to 75% ammonia gelatin in per-
formanco d Better, more uniform brea~ge(C. -less secondary blasting and mechanical
handling.



ADVANTAGEOUS IN A. VARIETY OF APPLICATIONS...

S 0 A-s a primwer fooww-skoomgb evim E3 To Pmssa 9md- boreboim 9"b -4 j
and bla g.01so ft y Um " - W - I

13 To redoa f=ume in amiKgra opwa-
0 ( As up~-chS boos!ar 110 hb~s 6m. CE~powg hd eog ol Aga I

I breakage or to break huwac~ e &&PmWe PrAr111 1111t blm ofg Am~s
- w~dao operaom wM red=* t.

0 0 As a botoml4oad to shor and m loes, to a ai amd aio Will shw -56d( - producing ber, more -- mdoi m b IN. ,ta-ft"47
fwreSierdgging.- m ML

-4

PROPERTIES OF ATLAS POWER PRIMER...-ALSO5R~po ~~s ~6t~
* Detonation pressure - 135 kilobass a s- .2 o SPI, On me c
* Borehole pressure - 55 kilobars $ s1* 5cr 3' gew and iP --e
" Velocty (open) ,ied rs cui ,:* s e 25 2 .

I Y. "x8" - 17.000 fps
" Velocity (confined)

1%"x"" - 18.000 fps
" Cal/cc - 1458
U Relative bulk strength (ANFO= 100) - 197
U Density - 1.36 gmlcc
I Good fume properties REGIONAL OFFICES
a Excellent water resistance WESTR EASTERN

STICKSIS0 LB. JE. - A. -205 Vs &6;
E-gwaod.C COII 0111 OE 19310CARTRIDGE SIZE (inches) CASE DWI 719-1200 002) 47862,4

I X8 161-176
15 x 8 127-139 CENTRAL APtALAO4IA7J
1 x8 105-115 lilt P15a0 [ ,, V

65 I 52-57 40041s~a f~ wa43 o~AS
11. x 8 727 mer4,. IL OD195 Rs.'to V-9-.. 243181 x8 72-78 0321 $43WOO 0031 903-Xa

155 x16 36-39
1M x8 54-59 SOUTHEASTERN IUTER rATIONEAL

I xl 27-29 R-= Pok 16201 Sri95t, A
2X8 41-45 OL%& , 4 2&a'.FL 331S7

2x16 20-22 1994 GaX , R .c:oh 00J 23346632
25 I1TiI 37115 Cais. ATPO7.'CO

2 x16 13-14 11 85)96271 Tvee 0-33732W x24 9

2 x 16 11-12
3x8 18-20

CARTRIDGE SIZE
(Diam./Weight) LENGTH (inches) NeamWvO1 s8a5458M cg WK d t x
27' x 65 lbs. 23 ;q. W5M f7 a -4 - esrs Of rb 43 xS lbs. 16 The
3' 1x0 lbs 28 =
3155 lO~s. 23
451 5M. 9 te5l9I 9W P.e5te1 . fyS

" 16- lbs. 27 -- 4+*V"*x fPPMi' r[ Ss 25 lb 27 *Wc8ipg~sieo 8r~~.
- S15'xS5lbs. 23 flbe 0 I rr4q5Gemti-tl

x' 33%5 lbs. 26 5 l5$56CA I21t4
7x 50 bs 2 no

8'sx 50 15 1 2

8/79 5m (- P-v,,r,1IS A
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POWERFUL, DEPENDABLE
AND ECONOMICAL

Atlas Cast Boosters have a h gh detonation velo-
city and unexce led detonation pressure. This h gh

detonation pressure ensures development of the full
energy potential of blasting agents n a wide variety of
borehole diameters.

Atlas Cast Boosters have a central channel for d-t
-

onating cord which permits quick, easy loading when
multiple primers are used for column loading or for
decking.

Performance and sensitivity to initiation are unaf-
fected under high heads of water and extended sleep- For use with electricdenators,r ing Non-headache Atlas Cast Boosters combir.e safety

and reliability with ease of handling, economy, superior detonating card an (or
water resistance, and excellent sinking densities. Atlas non:electric delay systems
Cast Boosters are manufactured with me same depend-
ability and high quality, as all Atlas products



SPECIFICATIONS
* Hih Dit n_----------------1.1cc

* HighVelocity ---.......... 26,0O0fps

* Detonation Pressure .........250 kilotars
(Oeewdops fLO energy poeta Iof blasti agents.)

lilleigh ound I Pound

(Other sizes available upon request)

- S hlfe .... Excellent 2 years+ under extreme
conditions

- Minimum initiators........... 8 strength detonator
40 grain detonating cord (Special order 25 grain)

* Water and oil resitance ............... Excellent

- Non-headache producing

- Ease of use: Incorporates detonator wvell and detona-
ting cord tunnel that reqtuire no punching .

- Temperature sensitivity............... to -60*F

- DOT Classification..................... Class A

-REGIONAL OFFICES
WESTERN EASTERI

7332 Southt Afton Way 3411 S &ersite Rload
Suite A 1206 Webister Bldg
ErqgterxfdC080112 Wanuingon.DE 19810

M 03779-120 (302) 478-204

CENTRAL INTERNATIONAL
19D0 East Gori Road 19201 SW951h~vO Nete the Manufatuirer or Salle of tE Products desribed hre,
Site 510 Miani. FL.13157 makte$ any warranty 0f any fid. epress or unplld. other than that
Schtuntrrxg.IL 60195 (305) 238-6632 the products shall t4 of inerchantable qtuality. The properieCs and
(31218434380 Telex eO16 research and experience and are believed to be accurate, btr

SOUTHEASTERN Npurchasan w~eras otod a the owetos dtermine the sutblity of

( Madisont. IN311 s AtI and nto liaility for mingsmenent aroar out of s..ch use is 3suuntil.
C, (615)859-6270 in nto evnot Shall either mrranufa1Ctur ntal 18( ke. for corisi-

9li416Um89RflM&.,.. ..



BLASTING DATA SHEET NO. 644

ELECTRIC
POWDhER COMPANY

ROCKMASTER"
• - --.-- , ,--- .. TIMEMASTER% KOLMASTER °

Atlas electric blasting caps are "masters" of the E.B. CAP SYSTEM ADVANTAGES
blasting industry. * Bottom hole initiation for optimum fragmentation

Their exclusive design and quality-controlled and reduced toe.
construction guarantees excellent reliability and * Easier control of noise and airblast to minimize
safety. complaints in congested areas,

At Atlas, we utilize rigid statistical quality control # Most versatile system for delay deck shooting.
to check each component of each cap, each step of the Helps minimize vibration complaints.
way in manufacture. * Most reliable, economical and overall safest initia-

Atlas caps are designed for all blasting situations; tion system.
quarries, underground and surface coal mines, metal * Electrical circuit permits checking of initiation
mines and construction projects. system before firing of shot.

EXCLUSIVE DESIGN ASSURES
PRECISELY CONTROLLED BLASTING
1 Plastic insulated wires are waterproof, ruggedly

abrasion-resistant, have excellent low temperature
properties, are easy to strip and handle.

2 Rubber plug double crimped to assure waterproof
seal.

Match assembly insulated from shell to prevent PACKAGING
grounding of electrical circu:t. feet]

4. Static and arc resistance feature (SF). Wire Lenth -Per Carton Par Casa
50 S00

16 50 250
5 The match assembly is an exclusive Atlas design 20-24 40 200

which helps provide the extremely high reliability of 30 20 200
Atlas EB caps. 40 15 150

50-60 10 100
6 To assure accuracy, delay elements are tested by 80-100 5 50

strict quality control methods. (spooled)
120 5 50

7 The base charge is PETN 150



Instantaneous For use where all holes are to be detonated simultaneously, or in the same series with any
ROCKMASTER and TIMEMASTER 2.8. caps. ______ ______

Data ~ Dfe.ir elay icm"nai s D~ elay 904oMl Tim. I
Rockmaster"Millisecond Delays - Specially NO. (sf'scod) Mo. (Mliecns No, Isak~d)

* designed for highly controlled sequential 1 i 11 30 21 1125

blasting. Ideal for congested areas. Provides 3 5 13 350 22 150

maximum production With minimum noise 4 75 14 450 24 1S00

and vibration. Thirty (30) delay periods offer 6 100 is Soo 26 3625

widest latitude in planning shot. (Orange & 7 150 1? 650 27 1875
8 175 "1 750 28 2000)

yellow leg wires) 9 200 19 875 29 2125
10 250 20 foo 30 2250

Timemaster'"Delays - A series of 16 delay Delay 1111111 Ti in Dlay HnO.1mM Tim e lay No.."oa Time

periods graduated in increments of 500 mill. No- tufscns N.;rflscd) o ia-exn.

seconds. Generally used underground. 0 5 6800 II 55

1 ___6__3000__________(I Delay times provide sufficient time for rock 2 1000 7 3500 12 600
3 1500 a 4000 13 6500

movement out of cut. (Red & green leg 4 2000 is 4500 14 700
wires) 5 250 to 5000 is 750

N0010*41 Noinl
Kolaser 0Deays. seie of9Dela lay* Tim. Leg-ie Delay Time, Lg-r.
K matrDeas-Asreof9dly No. (rrlu) Colors No0. (inillielo) Colo's

periods developed for use in underground 1 25 While 6 350 Gold

coal mining, normally provided with iron 2 100 iLare 7 400 Red

wiewith color coded insulation for easy 3 175 8i.e 8 450 Lght Gre
wies 250 salmon 9 SO0 White/Lvoodf

identification. 5 300 Dark Groco

ADVANTAGES OF ATLAS E.B. CAPS REGIONAL OFFICES
* Greater reliability because every match is tested

twice . both before and after assembly of the cap. WESTERN0 EASTERN
* Number 8 strength explosive output. 7332 South Almay~ 3411 Sdiomoa R.od

* Static and arcing protection built into the cap with S1. A 52M W.O-i, a"~

the SF feature. (303) 779 120011 W)lioo~ 478 610

* More delay periods for greater versatility in CENTReAL INTERNATIONAL.

planning and laying out blasts; compatible with 19W~ 6.11 Golf Rood 16201 SW 5096 A-.

sequential blasting machines. S..r iL2 M-O Ft5 23313

* Identical firing characteristics for instantaneous and 13121 8438350 C.Sl. ATPOWCO

delay caps. SOTESTR .3.. W03373

is Legwire insulation that is rugged yet easily O.roar Perk

stripped. Oflo. a"o 04 "For innovation
154 siw Rd N71 in explosives.

SPECIFICATIONS (61S)8594
7 1  ask Atlasl"

Resistance of Alias Copper Wire Electic Blastig Cap.

Lenglh.1Feet OhsrnR frileo) Length. Feet Ohm (average)

4 15 30 2,2
6 16 40 21
8 1 7 $0 26

92 16 800 33 Neithier tlhe manufacturer or **lle( of the products described herein
16 19 35DO 368ce s arnyo o id oo. ripid lo 6.1.
20 2.1 120 4 4 maesawarnyoankidexrsoripidotrthnht
24 2'3 150 a1 1 te products shall bo of merchantable quality. The properties and

_________________________________ - charctristics staled aod lire methodsa discusead are based on
______________________________________________ research cnd experiece aod are believed t0 be ccurate. but

RECOMMENDED FIRING CURRENT piirdiu80c should makne their 0*06tests10 d~etermine ith. sonabily of
esuch products and applicabily of 1suc1 methods for their particuler( Type croon, OC AC Pur1p0se.

Suflole Cap 0 5-Vn 0 5-op Stlsmantl conlcrming the ri of lthe products described herein crc
S&n&l Series, I S ap, 2 0ampos riot116.b constulred "a rccomending lh. infringement of coy pateni.

P.,4l1.l Seris 1 5 mpi.a. 2 0 ampsilinee cod no libility for iefrlngemean fursng ort of each use. is assomed.
Pauclic I O-rpicopno I O apri.. In no cvnthll ea.ither maunufaicturer or sellor 6. liable for consa-

I0 .mPrlcapme. 10 0cnps/ap me. qosollal deamages or copese..
J-IS)



BLASTING DATA SHEET NO. 716

POWDER COMPANY 0
( - - .- -- RUGGED AND DEPENDABLE

-ADVANTAGES

Atlas offers four strengths of detonating cord to e Flexible with good tensile strength.
satisfy blasting designs requiring trunklines, down-
lines, or uplines. * Color-coded for easy identification.

Atlas detonating cords have reliable tensile
strength, water resistance, and abrasion resistance to * Classified as "C" Explosive by D.O.T.
satisfy nearly all blasthole conditions.

* Four cord load strengths to select.

* Relatively insensitive to shock, friction and heat.

4 .7Q -0
__ 

10, ao



DECKmaster HI-PRIME APPLICATIONS
USING ATLAS DETONATING CORDS

ATWJ HI-PRIME STANDARD DECKMasti
DECKUNase 40

#18 NO YES NO

10% 0, 0#30 YES YES NO

440 YES NO YES

I #0 YES NO NO

NOTE: When using cast primers consult manufacturer

ATLAS DETONATING CORD for proper cord core load strength recommendation.

SPECIFICATIONS REGIONAL OFFICES
- F WESTERN EASTERN

7332 Souil, All. W.y 3411 Sdvarsuir Road

COREILOAD OUTSIDE* ~? 1  TNIE SHNWT. SuEr.- CO $0216 W..11-1102119 itd
12AW ENIE TO .0903) 719 1200 (32) 478 6204

1ORAillSJ Jim1 [I j ILS 1 1.31 (LsICENTRAL INTERNATIONAL
__________111 Plaza D.6In$ 1620 SWo Plea Aave 133

S1412ba Woodfiel O3001 Plz2t- 33132
Sch.iui It.z 6019 130)SW38 W2
13121 803 83W Cable ATPOWCO

Tui1s eol 337318 0.165 2.60 200 20 SOUTHEASTERN 803364
Rivefflote Patk
OOff- Rldi 94. Sagae 310
1994, Gall~un Rd jNogin
Mad ona, TN 37115

30 0.175 3.70 200 23 (615)_______8___9___6270____

Neither th. mnuacturer of SIelIM of the products described heen
makes mry warranty of mny kind, expreag Rr imlliled, Rther than6 that
the products "hil be of "(rChantable qoelrty. The propertes and40 0.190 5.70 200 28 characteristics stated and the methods discussed are based Rm
research end senr" and are believed to be &=~rae but
prcrhasers should make their own tests to determine the su6kitlt of

- - -sach productaso n! pplicability of soch methods for thaor particular

Statements conteirrig the u"e RI the products described hareo ar*
50 0.280 7.15 200 31 not to ncontrued econdin te frng mento f anypatnt,

edno lability for Infringeme~nt arising out of such use is assumed
Is no event shall1 ather mmnufecturer or seller be liable for cone-

- - oentaldernsgee, or eopeniee

SM Stu2 (J-17) PN-4U S A



SAFEGUARD SEISMIC UNIT 10000
DIGITAL SEISMOGRAPH

Professionals in the explosives industry have long desired a seismograph that would produce immediate and on-
site proof of legal compliance, yield accurate measurements to assist in the desig of subsequent blast pat-
terns, and provide convincing evidence in the event of damage claims or litigation. No such instrument existed.
That is UNTIL NOW!

'I'A

" Z*.

The SAFEGUARD SEISMIC UNIT 10000 is a portable Features of the SSU 10000 include
seismograph of advanced design which automatically
reqords the ground motion and air concussion pro- N Triggering by ground vibration or airblast
duped by blasting operations It immediately produces N Multiple record copies generated on demand

;, ayyaveform ecqord and a printoutof peak particle 0 Pause function to delay printout until requested
v' _ ciocty. te asociated frequency, peak acceleration. U Memory capability to store and reproduce last

, a- peak di.ksnlemont for all three components of recorinu
., , " ation. 9Res./ljlt pak particle velocity, maximumai'.blas, and %,rtnent recording data are also N Variable graph length option for specialized record-

'icludeg in tqp rintout The operator enters the ing (Peg pile driving)

,ter into thp instrument's memory by using a U Automatic selection of proper amplification or

'ypewriter keyboard to respond to printed questions attenuation of printed graph

This information is then stored permanently and X Automatic dynamic calibration of seismic com-
printed on each subsequent record unless changed by ponents
the operator. The SSU 10000 is battery operated.
It may be left uiattended to record and analyze up available in USA exclusively through

to 40 events over a two-week period without re-
charging It may also be attached to a 12-volt Philip R. Berger&,Associates,Inc.
battery should a longer period of unattended use Box 779 / Warrendale PA 15095 / 412-776-3600
be required Massachuseits617-371-1606

Connecticut 203-755-9376

North Carolina 919-851-5924
Florida 305-981-1230



.e7TE WAVEFORM RECORON ANALYSIS ~ GIlZII~D
api. size reduced for reproduction purposes

Seismic-
SAFEGUARD SEISMIC UNIT 100. Trigger Level: Pormal nseso 0 noCr 14185 11:1631 se frormrOabfe insepso ji,IIJST$1UMENT * SSU 1122 se fro0 2 tou' 4 0-o.u i .oosEET.281 Measuring ag-:: nse( uoone clsCLIENT ABC COAL COMPANY

OPERATION JONES PIT Frequency Range: 2-256 Hz (+0dB - 3d83 (on 5 secSSU LOCATION L SMITH S RACK YARDreodntie
DISTANCE TO SLAST(Ftl 075 Accuracy.HzcnOPERATOR.DEN NIS VA-45 ;±3% of full scale at 160HzCnius
SEIS TRIG LVI. (IPS 15 sine wave inputSOUND TRIG LEVEL IdeIaO Transducer. Three perpendicular oriented elec.RECORD TIMEIScl 5 trodynamic. normalized

GRPICLREODCalibration: Dynamic calibration and electronic
G PI C AL. * !. RECO R D c a lib ra t io n a fte r e a c h e v e n t

SOUNO10I PS'ow 
SunLTV.- SIPSIoIV Weighting.Soale. F (Flat)

L Measuring flange. 110-140 d8 sound pressure level
I I I(009-0296 psi)

.Frequency Range: 2-256 Hz [-3 d8 at 2 Hz) on 5 sec4. I recording time
Accurpcy. ±027 dS at reference point (127 dB

* Peak. 250 Hz continuous Sine wave*1 iniput)
Trigger Level- 110-140 dB in 1 dB steps
Calibration. *.Electronic calibration check after a ch -

A. event

I -. capability and 40 columns with paper Z

se take-upfiy 0events (approximnately 80 ft of

Date PnIQc4: Month, day and year
Ti muI ndlc'~t~~ Hours, (24 hr clock), minutes and

- I ~ ~ ~ ~ ii 15 Sec . 5 s m le / ec c an eTime§ q Accratoto better tha 1 minute
leo~igime 5 sec - 1024 Samples/sec/channel -c'~~1  a i sample Rates: 10 Sec - 512 samples/seC/channel

Shielding Analog Circuits shielded against
OCT 4/8511 1 31interference

OCT 14ET11 Operating Temper. 35* to 95' FPPv.I. 01 T2 0V ature Rne 0* - 120' F (ihdiminished print
PPO InI (00378 00087? Q00354 , clarity)
FPI.f HI as 7' 025li Graphical Printout 25. 5.1 O20.arid4Oin,'secondscales

PAKOUN IiOB 0 8o seismic trace withauo tiVE)ON 11 )8 020' ~ 
'

AOCALIERATRO OK I- ranging, 0 to 0294 psi on sound
IBRATION GRAPH Power

TIME- 17SE/INInternal Battery (1) 6V. 20AH gel-type, rechargeable
LTV- IP/- External Power AC Adapter 9VDC at 500 MA

Fast charge 20 VAC at I1A max 47-
L T v S400 Hz

Ordering Information

SAFEGUARD SEISMIC UNIT 100007'110IIIII Philip R Berger & Associates. Inc
SIIAKIIFAEIE CALIElATEO ON4 OCT io"e FA WaBodx e PA7509
By PIIP A BERGER& ASSOCIATES INC Wredl.P 59

1011 779 WAAilENOALE PA 15095 '.U 'TEI 41? x6 360 
N1
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12-01 ;K.. ROCK-ANCHORS

Spillwa'y - Inclined Leg -Foundationt & Linifig
'06sciiptioh)

ORock anchors fof the spiliway bridge inclined lei foundation

and liner were j*nitalled.in-May and "iie- -87-.

Installation of the antchor-bars included

'(1), Complete drilling and -blastiiig of spillway.I i2) Drilled-3" dia. holes approximately 11' deep as
-exca~.ation- of the shot rock allowed-ac6essaibilityto
the drills. These holes were drilled perpendicular to
the designed c6n~i'ete suL 'face.

9 (3)- The holes were then cleaned with water and compressed

()Filled the holes with-,a thick ce ment grout by tremie
method using a Peroni grout pump. This, cement included
inlierplast-N, which is an expanding- grout additive.

(5) Placed the'anchor bars in the holes, having a 4"
clearance from the designed copcrete- surface. A,
smaller rebar was placed in the holes'with the -anchor
bars to accommodate the paemet~fcnrt
reinforcing steel-.
The'anchor bars were then~ wedged with blocks at the
surface to prevent movemedi until grout had-set.

A total of 130 rock anchors were installed in the spillway
bridge inclined leg foundaion and lining.4

Rock anchors consisted of a #9 rebar with.a -total length of
13'-9" and 'having bending dimensions of "A" =1'-3" and

"B" = W V. "A""

-See page K-;2.for location of- rock anchors in the -inclie-e

foundation and l-inin~g- -

(K-1)



12-01 K. ROCK _ANCHORS -(coiht)

Spillway -Inclined Leg Foundttozn & Lining
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12-01 K.- ROCK ANCHORS -(c ont) -%

Spillway Inclined'Leg "ouhidation It Lining -

'(Uneubedded _'enghil o -6kicclor bars)j

+ t i-- i-

+
+ 4'. + ;i ~ 4 4-7 45 2/

* 4 $, 1- 1w AS 4)

-I' 4- 4- 4' f- -t '+ + .-

,.S/.zgi.4'14 4C /.34 1.' .5 .1//$ABUTMENTNUB -2- 4 + '" 4

- ~47 -I- + 49+ -

ABUTMENT NUMBER_2

/.3 43,.,4 4r 4

/,f' 0- 2.4 21, .8 Z~i . Or4 Af..

2-, /., 0 ' 3, . = 1 73 - '-f - U .rs 2 ,/ /)S, A&

- 4, 4- t- t- ,f,,

~ Distanoes were measured from the top of the anchor bar to the irock surface.
- Distances were measured ino fe e t p o h nh rb rt h
- Anchor bars were installed having a 4" clearance from the

designed exterior concrete surface.
*. (K-3)



12701 -K. ROCK ANCHORS -(cant)

spillway SF1
I- -(LOcatiO'i--aiic 'Desicrition)

S- AMC4a0 SAP6 AMD COMM JT
-.... YM.' AT. L.PLLWAV'

G.ROUND SURVACE.

11 -APPROA. TOP OF ROC

rCONIR,Jr. -CPE.TE.B5O

S.EIlTI 10, IW' j._ -t ANCHOR SARS GROQjTED-

STA.,4+OOS-
SCALLr. 20'

0

- CREST-

WITHIOUT ust Of, foams

SILL DETAIL

- Rock anchors for the spillway sill wereinstalled in June
1987.

- The as-built rock anchor's shaped differed from that of the
designed rock anchors, having, an "L" shapg rather than a
hooked shaped.

-Installation of the anchor bars consisted of:
(1) Compe ted, the line drilling and excavation of the sill.
(2) Drilled -vertical,3" dia. holes to aipproximately 10'C depth. -

(3) Cleaned the hole with compressed air.
(4) 'Grouted hole, by'tremie method, with a thick cement

grout- having Interplast-N, an expanding grout additive.
(5) Placed,-rock anchors in holes with -the top of the anchor

bars being at elevation 644-.4, which allowed a 4"
'clea 'rance with the concirete surface., The. bars were
then wedged with blocks at the surface to prevenpt
movement. -

See page K-S 'for unembedded lengths of the -rock anchors in the
spillway ii1l.

(K-4)



M-01 . l (cost)- 
-

Spillway Sill

C A 4 c , z c A

3 33,3 3 2 3 6- I. 'aI" 3 5" 345 % .

1 A .1 .3A 3.15 5". .

, 2 1 3.3 IhT2'3

2 .=2-. ¢ : - I3
2!7 .N IW,, AzoI

( -- )

I

C 2-

2,76 rC ANCCIoi; OAR.41

r ~ ~ ~ ~ ~ NVO 744 ff 4R 650

-4.3 f. 4.i
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12-01 Z. ROM -SCS"2S (conti

Ttrsh 300= pto-- Anebhors

~c X

I C TYPICAL ROCK AVCFOR DETAIL

LOCATION OF TRASH BOON AND ROCK ANCHORS

-Rock anchors for the trash boom were installed in April 1987
-Instillation of rock anchors consisted of:|

(1) Removal of' all overburden in the area of the rock
anchors.•

(2) Drilling a 3" dia. hole approximately 10' deep at a 450
angle.

(3) Fill the hole, by tremie method, with a thick cement
grout having Interplast-N expanding grout additive.

(4) Place the anchor bar in the hole. To prevent movement
the bar was wedged with blocks at the surface.

-The anchor bars consisted of threaded # 11 rebar with a spot
welded eye nut at the top. (K-6)
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2 Description: , ikaalx 116;lImtraplast-M, is a grouting aid for portlandicement. It
., ~ ~ ~ ~ : ,,qr.e-fuidity, and produces a slow.,controllj #:ex als1o prior to

'Intraplast-!I, a gray powder, is a balanced blend of expanding,
'-fI difyfng and water-reducing agents. It does not contain calcium

Jib ride,'nitrates, or other chemicals potentially contributing to
stress corrosion in prestressed steel.

Whiere to Use: It is used whenever a non-settling grout of superior quality is
required. Comon applications include grouting of prestressed
tendons, machinery bases, and pre-placed aggregates.

Advantages: . Fluidity: Intraplast-i grout is extremely fluid, workable, non-
settling, and cohesive. There is little separation of cement paste
when placed under water.C . Versatile: Use lntraplast-l with all types of grout incorporating
Type 1, 11 or III cements, with or without pozzoranic materials or
fly ash, and with or without fine aggregate.

. Expansion: A gaseous expansion occurs within the grout before
initial set and forces grout into close contact with the surrounding
surfaces. Expansion ceases once grout hardens.

TYPICAL DATA*

Packaging: 50-lb bags. TUN~I'S. 33 -
Shelf Life: 6 no if stored dry. ITEM/
HOW TO USE: Proportioning (by weight): The following suggested proportion serves

only as a basis for trial mixes.

.ProducrtIin rps-

-Sand3 oe nn t Ipr
-Wtr 4- 54-

-jntraclast-0
5

l 1% 1%
1ASTMC-5O-56;4~1C5.5T 10o-pas5s in g an 8-mesh sieve; Gallons

per100lb enetitousnatria; 58y weight of cementitlous material

*All figures are fromi actual test results. Individual batches may
vary. socmeoia t. All values .ill vary with tem perature and humidity.



" "- ° -VWater-requtrez-os will b .1 lower than that of a plain nix of '
.

- - equal fluidity., Be sure your batches are so limited in size that
placement can be completed within one hour so that as much of the

, -_ - expanding action as possible occurs after the grout is placed.

mixing: Mixing should De in accordance with the Prestressed Concrete
Institute's standards as. follows-.. - I

a) Water should be added to the mixer first, followed by
portland cement, fly ash, adixture, and sand as required.

,. b) Mixing should be of such duration as to obtain a uniform,
thoroughly blended grout, without excessive taperature increase.

c) No water may be added to the grout to increase the flowability
which has been decreased by delayed use of grout.

d) It is essential that the water content of the grout should be
kept as low as possible. The water content should generally be
less than 5j gal/lO0 lb of cementitious material.

Form Work: Where areas to be grouted require form work, forms should be tight and
well fitted. When using Intraplast-N grout, expansion of the grout
should be restrained in order to produce highest possible density,
bond, and strength. Top forms should be used where there are open
areas. Unformed exposed surfaces will have a substantially lower
strength for a limited depth.

Pumping: All pumps and hose fittings should be absolutely watertignt to prevent

loss of water and subsequent clogging.

Dosage: Add 1% by weight of cementitious material.

Note: For grouting or prestressed tenoons, follow recommended practices of
the Prestressed Concrete Institute. For grouting of rocks, fissures,
pre-placed or natural aggregate, follow standard construction cpractices or consult SikaService for definite recomrrendations.

'HER AK_ NO KHARRAIIES BY SIKA CORPKRATION OF ANY NATRE WHATSOEVER, EXPRESSED OR IMPL.IED, INCLUDING ANY
WARRANTY OF HMERCHANABILITY OR FIITESS FOR A PARTICULAR PURPOSE IN CON CYION WITH THIS PRODUCT. SIKA
CORPRAYIOR SHALL NOT RBE LIABLE FOR DAMAGES OF ANY SORT, INCLUDING REMOTE OR CONSEQUENIIAL DANjkAES,
RESULTING FROM4 AY CLAIMED BREACH OF ANY WARRANTY WHETHER EXPRESSED OR IMPLIEO, INCLUDING ANY WARRANTi OF
KHRCNA.kIABILIYY OR FITNESS FOR A PARTICULAR PURPOSE OR FROM ANY OTHER CAUSE WHATSOEVER. SIdA SHALL ALSO NOT
BE eSPONIBLE FOR USE OF THIS PROUCT IN A HANE R TO IlORINC ON ANY PATENT FZLO BY OTHERS.

Distributionz Siks products are available from a national network of Siks District Offices sod
authorized Distributors.

Cona tuction Products Division
Distrlct
Offices: CA, Pseadsna ....... 213-792-5127 KY, Louisville ... 502-245-8951 NY, No. Syrscusa..315-452-0998

CA, Ssn Diego.....619-226-7665 MA, Harblehsad....T617-631-9247 OH, hosstrland.;.216-729-4200., ,
CA, San Franclsco..415-775-1551 MD, Baltimofre-...3O1-268-7774, PA, Philadelphia'.215-923-6575'
CO, Dnvr ......... 303-453-7452 HI, Southfiald ... .I 3.552-1012 PA,* rnegie.42279-Y1 '
CT, Hartford ....... 203-249-7066 HO, St. Louis ..... 314-231-5499 SC, Oster......BO-377-3282, c
FL, Teps .......... 813-879-9862 HS, Jackson ....... 601-362-6193 TX. O#Iss ........ 214-661-3610
-GAAtlanta' ,-404761-7143 HI, Hissoula ...... 406-543-330 iX, Houston ....... 713-461-3010 -.

--- LP a-P/es':.,,32-298-28IO NJ, Hackensack .... 201-933-8800 WI, Milwaukee ..... 4l1-272-3100"

1uecutiye
Oficr n ra'-,NJ' 701 Tel. 201.933-8800 * WX 710-989-028

it r-i__4 S,0

K, -. 0 C-



12-01 L. DRAINAGE HOLES

Spillway Lining

-s.

" .. . /.:: ~ -/ .,-.
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-- T h e* e r -e t ,
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/I S, 1 .. .. ...... J ... I

ELEVATION & SECTION VIEWS SHIOWING LOCATION OF DRAINAGE HOLES

- Drainage boles were drilled in April 1988.
- Holes were drilled from embedded PVC pipe, placed during

concrete placement.
- Holes were drilled with a C.P. 65 rotary air drill, mounted

either on an air track drill or a skid supported by forklift.
- The 3" die, drainage holes were cored 20' from the concrete

surface on the horizontal.
-The holes were washed wixth water after the completion of
drlling.(L)



12-O1.M MATERIALS OBTAINED FROM COMMERCIAL SOURCES

Description Location

of Material Source of Source

Concrete:

Fly Ash Ash Mgmt Co. Amos Power Plant
Winfield, WV

Sand Standard Slag Cutlip Plant
Piketon, OH

Cement Lonestar Cement Co. Superior Plant
Piketon, OH

Aggregate Ken-Mor Stone Co. V-Quarry
Olive Hill, KY

Graded Filter:

Type I Standard Slag Haverhill, OH

Type II Beckley Stone Co. Beckley, WV

Slurry Cut-Off Wall:

Bentonite Federal Ore and Colony, WY
Chemical

Additional Standard Slag Haverhill, OH
Sand

Cap Ken-Mor Stone Co. V-Quarry
Aggregate Olive Hill, KY

Road Aggregate:.

#57 Stone Acme Stone Co. Olive Hill, KY

DGA Acme Stone Co. Olive Hill, KY

Foundation Grouting:

Cement Kosmos Cement Co. Kosmosdale, KY

Dewatering Wells:

Well Filter Parry Co. Chillicothe, OH

(M-i)



12-O1.M MATERIALS OBTAINED FROM COMMERCIAL SOURCES (cont)

Description Location

of Material Source of Source

Dental Concrete:

Ready Mixed Charlie's Concrete Louisa, KY
Inc.

Dam Embankment:

Sand Drains Standard Slag Haverhill, OH

Cofferdam:,

Fill Kentucky Power Co. Big Sandy Plant
Bottom Ash Fallsburg, KY

Stone Slope Protection:

Limestone Ken-Mor Stone Co. V-Quarry
Olive Hill, KY



12-01 N. INSTRUMENTATION

Contractor

Mason - deVerteuil Geotechnical

Instrumentation Type

16 Surface Displacement Monuments
23 Open Tube-Type Piezometers
Survey Monuments

Drill Rigs

CME 55 and CME 75

Chronological Sequence

Nov 88
11 Mobilization
11 - 14 Placement of temporary surface displacement

monuments
22 - 29 Installation of piezometers: P-21 & P-22

Dec 88
9 - 29 Installation of piezometers: P-1, 2, 3, 5, 8,

12, 19, 20 & 23
19 Established profile along dam axis
19 Survey observation of displacement monuments

Jan 89
4 - 27 Installation of piezometers: P-4, 6, 7, 9, 13,

14, 15, & 16
24 Survey observation of displacement monuments

Feb 89
9 Installation of piezometer P-ll
16 & 22 Survey observation of displacement monuments
- Installed permanent displacement monuments

Apr 89
5 Survey observation of displacement monuments

May 89
3 Survey observation of displacement monuments

Jul 89
3 Survey observation of displacement monuments
- Installation of piezometers: P-17, 18 & 10

Replaced piezometer P-22

- Piezometer readings were taken approximately every month and£daily during the involuntary impoundment in Feb 89.
- Falling Head Tests were performed on piezometers at various
dates.

Planned Instrumentation

Automated Data Acquisition Systek (ADAS)
Strong Motion.,Accelerograph

(N-!)



12-01 N. INSTRUMENTATION

Surface Displacement Monument Data
(Initial Placement) *

Monument Offset Elev @ Top Height Above
Number Station From CL Elevation of Rock Top of Rock

C U-1 2+50 13.072 680.818 613 65

U-2 4+00 13.642 681.649 535 143

U-3 5+50 13.304 682.012 520 158

U-4 7+00 12.535 681.695 538 140

U-5 8r50 10.240 681.106 593 84

U-6 4+00 120.546 645.830 535 143

U-7 5+50 120.242 646.063 520 158

U-8 7+00 121.059 645.624 538 140

D-1 2+50 14.210 681.051 613 65

D-2 4+00 13.625 681.757 535 143

D-3 5+50 13.573 682.167 520 158

D-4 7+00 14.606 681.662 538 140

D-5 8+50 16.926 681.041 593 84

D-6 4+00 175.445 616.392 535 81

D-7 5+50 175.134 616.967 520 97

D-8 7+00 175.900 616.932 538 79

* Data base from the temporary monuments were transferred to the perminent
monuments.

ON-2)



YATESVILLE LAKE - PIEZOMETER DATA

Piez. Location E ai
No. Offset From

Station Axis of Dam Too of Riser Ton of 6round Bttom of Tin

P-1 3+28 15'DS 682.6 681.3 559.1

P-2 3+95 15'DS 683.0 681.5 536.5

P-3 4+46 29'US 678.3 676.7 51.5

P-4 4+50 121DS 683.1 681.7 519,3

P-5 4+40 17'DS 682.7 681.2 513.7

P-6 4+58 141DS 683.1 681.6 531.2

P-7 4+65 15'DS 683.1 681.7 545.8

P-8 4+46 15'DS 683.0 681.5 559.6

P-9 4+58 14'DS 683.0 681.6 576.2

* P-10 4+50 75'DS 658.0 656.5 590.0

* P-11 5+90 60'US 679.0 677.5 525.8

P-12 5-r90 23'US 678.8 677.2 516.b

P-13 5+85 14'DS 683.2 681.9 525.2

P-14 5+95 13'DS 683.4 682.0 541.8

P-15 5+78 14'DS 683.4 682.0 558.9

* P-16 5+84 13'DS 683.4 682.0 575.6

* P-17 5+90 39'DS 676.0 674.5 507.0

* P-18 5+90 74'DS 659.0 657.5 590.0

-19 5+91 249'DS 591.8 590.4 540.3

P-20 6+96 18'DS 682.9 581.4 536.]

P-21 7+62 17'DS 682.6 681.2 556.2

P-22 8+81 13'DS 682.2 680.8 608.0

P-23 5+89 550ODS 584.9 583.5 563.3

US - Upstream Exhibit No. 7
DS - Downstream
* - Location and elevations are approximate.

(N-3)
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12-01 0. DEWATERING SYSTEM

Contractors

The Lane Construction Corp.: control surface water
Stacon Corporation: (subcontractor) dewatering wells
McClelland Services Inc.: (subcontractor) slurry cut-off wall

C Description

Control Surface Water: ........ Dikes, sand bags, sump pumps
Dewatering Wells: ............. 33 dewatering & predrainage

wells and 13 piezometers
Slurry Cut-Off Walls: ......... Two 3' wide trenches excavated

to top of rocklocated up and
downstream of the excavated
area, extending across the
valley.

Chronological Sequence

Jun 86
25 Began mobilization for McClelland Services Inc.

Jul 86
25 Began mixing slurry for cut-off walls
30 Began excavation of the U/S slurry cut-off wall

Aug 86
7 Began backfilling U/S slurry cut-off wall
12 Preparatory meeting for dewatering wells
13 Began mobilization for Stacon Corp.
15 Began installing dewatering wells
15 Completed excavation of U/S slurry cut-off wall

Sep 86
2 Completed backfilling U/S slurry cut-off wall
3 Began placing cap material on U/S slurry wall
3 Began installing piezometers
8 Completed placing cap and faoric on U/S wall
9 Began excavating the D/S slurry cut-off wall
24 Completed excavation of D/S slurri cut-off wall
29 Began backfilling D/S slurry cut-off wall

Oct 86
6 Completed well and piezometers installation
17 Began placing cap material on the D/S slurry wall
22 Completed backfilling the D/S slurry cut-off wall

V 23 Completed placing cap and fabric on D/S wall
Nov 86

7-10 Placed Z piling thru the D/S slurry cut-off wall
14 Placed fabric & SSP on notched section of D/S wall

- Measures to control surface water were taken throughout the
length of the contract.

(0-I)



12-01 0. 0 --- G z SyS1

Dewatering & Predrainage Well's and Biezo=ters

Subcontractor

Stacon Corporation: Dewatering and predrainage wells
Triad Engineering Drilling a Services: (subcontractor for
Staccn Corp.) Piezo-ters

Well Systea

33 De.ateri-g and predrainage wells
13 Piezo=eters
- water pipes, =eters, headers, electrical panels & cables,

etc.

Equipment

1 Gus Peck "Super George" bucket auger
1 Mobil Drill (Triad Eng. Drilling & Serv.)
1 410 John Deere backhoe
1 Air compressor
1 Truck with wench
2 Diesel generators

Materials

Material Supplier
Submersible pumps Grundfos model SP6-6
(1 H.P., 220 V, single phase)
Wellscreens & casings Titan Industries
Sand filter material Parry Company
- flow meters, water pipes, electrical panels & cables etc.

Installation Procedure

Dewatering & Predrainage Wells

- Survey well locations and align drill
- Drill holes with "Super George" bucket auger to top of

rock.
- Disinfect well with calcium hypochlorite during drilling,

as the filter sand is placed and upon completion.
- Assemble and install screen, riser pipe and sand filter.
- Develop well: (1) Pump well far 30 min. (2) Surge well

(15 trips at a rate of 2 ft/sec) (3) Air lift for 30 min.
(4) Pump well for 1 hr. and test for sand content using a
Rossum sand tester (>5 ppm sand) (5) Repeat surging and
air lift if high sand content.

- Backfill above filter sand: (1) Wells U/S of cofferdam
with a cement-bentonite grout. (2) Wells D/S of cofferdam
with filter sand or insitu sand.



Oe-datering a Predrain-ae Wells and Piezometers

installation ?roc ure (cent)

3Deatering a Predrainage wells (cant)

I_ - install submersible pap, pipes, vIalves, electrical box,
etc-

- Perforn final punp test.

Piezccmeters

- Survey locations and alLan drill
- Drive casing and augured hole to ton of rock with a mobil

drill.
- install piezozeter tip, riser pipe and fiJliter sand-
- Backfilli: (1) Piezozeters D/S of cofferdan, 3' bentonite-

ce-zent-sand grout with 2' concrete at top. (2) Piezoze-ters
U/S of cofferdan, 23' bentonite--ez-ent-sand grout with 2'
concrete at ton.

- Perfor= purp test (accepted rate at 2 gpn)

(0-3)



-7----z-
fill

... . ........ s

(0-4)ii



~~1

X IEZOHETEP ANDWELLLOCATIONS -DAM..SITE

PiEzoMtsR-~A STATION O-SET ELV TPEV

P-A 5 + 43.54-D 430.45 -LT 591.60 529.60;.,P-B 6 + 17.22-D 430.38 LT 591.53 535.5'0oP-.
P-C 4 + 31.30-D 224.91 LT 577.12 526.50 -- ,
P-D 5 + 70.46-D 226.50 LT 576:89' 52760 .T
P-E "--5 +63.74-D, 70.84 LT 576.87 525.,90
P-F .... 5 + 1-70-D.- -'7.33 RT 574:835: 29
P-G 5 + 10.40-D"A " '80.30 RT -573.182';. "528 -'" "
P-H 5 + 91.29-D _ 179.31 RT 576.28 530.30

'-"- -' .5 .ss5-31Dj !'36,09RTT , 590.25'...iJ 530
* I i . -5: - -6-T 576.584

:
g-" ; ... 2 3.

W-I'"- - , Y, 4a+ 7:-14-Dt$Q --'-578.00..8-,=

W 1 223;62 LT 70
W-2 - 4 +" 72.87-D-- 223.77 Li- ,;577 -00-> :,528?50. -YjW-3 " 5- 38" 03-D. "'225 02 LT 967620 52730! -

W-4" 6"+ 06.65-j) 225.99 LT. 577 00 '532.0b"J-- !
W-5 . 6.+ 70.'55-D 226.54 LT .577.00 , 535.,.00. "
W-6 - .4'-+ 36.36-Do' 429.16 LT "590i00 • -536. 00.;. :
W-7 5'+ 00.85-D 428.31 LT 590.00 527.00,- ';= ;W-8: - .5-+ 76.21-D , 427.64 LT 59150 542.20Vr',W-9 '6+ 58.31-P 431.69 LT 591:90 ..... 04 -,,,_,:" .,

W-10 ' 223.6 0-,, 14-1-D -

W -2 *- . 6.15-D.- 149.70, LT, ;578.00 .530.0 ,
W-3 -. .5. 46.08-D 149.72 LT "577.00 527.00W
W-12 6 "+ 26.09-5 150.50 LT .77.00 532.00"- " ,
W-13 4 + 0481-D" 76.84 LT- .570065 545.75 .,W-14 4-+ 66.2-D, 69.85 LT-. -57700 -532.30',.. -W-15 5 + 30.74-D:t '*0.47LT i577:50 525,:80t .
W-16 5 + 95.78-D , 71.65 LT.;5 577.50 530" 50 "
W-17 64+ 33.81-DY' 73:65LT"  576.00 542. "',
W-18 4 + 70.60-D .... 8.96 RT 576.00 529.95.t
W-19 5 + 49.16-D:4  9.45 T 575.40 527.90
W-20 6 + 27.80-D , 1.06 UT 575.50 539.00
W-21 4 + 23.25-D 83.26 LT 573.90 538.30
W-22 4 + 71.2.-D 81.04 LT 577.20 538.70
W-23 5+ 527-D 81.67 T • 574.75 526.50
W-24 6 + 02.33-D 81.77 UT 574.39 539.29
W-25 4 + 96.05-D 178.97 RT 575.00 531.50
W-26 5 + 51.52-D 180.00 UT 575.90 529.05
W-6 + 44.25- 182.41 RT 598.40 546.40
W-20 6 + 25.52-D 270.16 RT 576.50 540.40
W-29 5 + 22.06D 266.74 RT 574.40 527.50
W-30 6 + 02.39-D 265.03 RT 590.55 533.00
W-31 3 + 74.09-D 372.01 RT 595.50 558.50
W-32 4 + 52.83-D 355.91 RT 577.65 534.20

W-33 5 + 32.73-D 347.89 RT 589.10 528.85

,1
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M3T11 OF PIPE T1AS MEAIMS E9OV1OEDIE Gwa 1I-iin-6

C- 527.05 536.13 536.20 -0.07
6 WD.2 534.77- SU4.6 -0.10
H 530.30 5R9.03 53U.B -0.15

I 527.70 W3.83 540.93 -2.10

LFSTWm W FMtING 576.95 577.00 05

PIEZOMETFER READINGS
YA1V1ILLE LAI-E DAM -

556-j
:554 -z

() 540 //

;534 I

A-B C-D G H J, K-

PIEZOLICTUR
Il soDp TIODAYS 1-ADUlrG 0 PRXIOU FEAEIrNGS

C



!-/ i

PIEZOMETER READINGSDATE]--II TuE- 1987 TAKE BY E5
PIEZOMETER ELEVATION DISTANCE WATER

OF PIEZOM. TO WATER LEVEL
(FT) (FT) (FT)

A ---A ---------------- 51-. 60 ........ - __- _--3 ---.-- -- -- -__3 _ .. ....... .......---- _- ... --.. ........? 8 .
B 591.53 59q3 3 ~2
C 577.12.... 7, 12.- ,13
D 576.89 4LJ 53k,----- ----- ----- ----- -----..... .. . 7
G 573.82 3/77
H .576.28 372 5 ,o

I 576.58 ."'. 5

J 578.18 2t4

K 590.75

L 590.75 ,. > 3 o g

WATER GAGE: ELEVATION

WATER METER: J) GPM

PUMPS RUNNING: NO.'S _ .' . "

THE LANE CONSTRUCTION CORPORATION

(0-8)



EARTHR DIRIE
WATER/DEWATERING WELLS CAISSON ELEVAl
o EXPLORATION- SOIL TESTING 'CORING * SA,

"SUPER GEORGE" "BANTAM"
* 0-24 stepless rpm e 0-110 stepless rpm* 373,080 inch lbs. (4299.75 kg.m) torque - 60,000 inch lbs. (691.5 kg.m) torqt* 14" (35.56 cm) to 120" (3.05m) diameters • 3" (7.62 cm) to 24" (60.96 cm)

• 120' (36.58 m) depth diameters(greater depth systems • 800' (243.84 m) rotary depthavailable) • 200' (60.96 m) auger depth* Diameter and o Diameter and depths determine-
depths determined by soil condition and strata ,Pby soil condition o Truck, trailer, all-terrain carrier,
and strata or skid mounted* Truck, trailer, all.terrain # Customizing obtainable
carrier, or skid mounted

o Customizing obtainable

BUCKET DRILL

ROTARY/
AUGER DRILL

(0-9)



TELEPHONE 77 1320

THE PARRY COMPANY

219 CHURCH STREET
CHILLICOTHE. OHIO. 4601

JUL 16-86

Stang Hydronics
2935 North Toledo

() Tulsa OK 74115

Attn: Mr Ron Peterson

Re: Quartz Well Pack Gravel

This letter is to confirm our February 19th quotation,
per Ton for material in BULK, and $ Cwt full T/L hauling to
Yatesville KY w/in 30 miles of Huntington, and to report two
sieve analyses representative of the material we propose to sup-
ply, the same material mailed to you in February 20 labelled
1. Quartz Well Pack Gravel, Blended.

Sieve Specified FEB 20-86 JUL 16-86
% Passing

4 100 100.00 100.00

6 85 - 100 99.91 100.00

8 65 - 100 91.82 87.10

10 45 - 92 75.35 71.48

14 15 - 75 43.32 45.33

16 8 - 62 '30.32 31.91

20 0 - 25 11.29 16.20
:30 0 - 12 1.66 3.60

40 0 - 2 -0- .60

Thank you for your interest in our material.

David Parr

Encl: 12 copies

(010)
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Grundfos
Stainless Steel
'Submersible Pumps

Stainless Steel Quality
In the pump industry, stainless steel has come
to mean Grundfos Pumps Unlike any other pump
manufacturer, Grundfos uses high grade stain-
tess steel for nearly every component..
impellers, diffusers, shafts, straps,
check valves, couplings and cable
guards Stainless steel construc-
tion plus advanced engineering
designs make Grundfos the
quality leader in today's
submersible pump
market.

IA
Resistant to Wear,
Corrosion and Abrasion
Stainless steel has long been recogized as the best
material for pump construction Its resistance to wear,
corrosion and abrasion ranks far above the ratings for
commonly used plastic, bronze and cast iron materials

Competitively Priced
Only Grundfos has combined the superiority of stainless

steel with advanced production and design techniques toproduce stainless steel submersible pumps Mass produc-
tion and standardized parts have yielded a superior prdut
at a competitive price.

Wide Operating Ranges
Available
Grundfos stainless steel submersibles range in size from 4"
to 10" well diameters and from 1/3to 100 HP with capacities E
up to800 GPM and to depthsof 1800 feet See the Grundfos
catalog for the complete line of Grundfos stainless steel
submersibles for 4 inch and larger, 6, 8, 10 inch and larger,
and deep set water well aoplications



Exclusive Gutnifos Designs

S inesSt~ee CothSti i~1- PATENTED, FAIL-SAFE CHECK< VALVEaEi

Grundfos uses high grade stainless steel (primarily 304 and built into rae top pump chamber to prevert loss
316) for nearly every component in their submersibles of head andbacrlow Those postive, son-clog-
Stainless steel insures Grundtos quality with its strong. but ging. nron slaamig vaives are sizerd to meet the
lightweight properties, its resistance to corrosion and mnmmpesrsirec oe
abrasion, and its ability to be precisely shaped and fabri-
cated
Alternate construction pumps are also available tor brackish,
seawater and other harsh and corrosive envuironments For
oil field applications, the Grundfos "SPO" units are especially
designed to handle the rigors of shallow well oil field
pumping

* Pselectiui Cii

IMIN FLOW MAX. MAX.
MODEL WELL RANGE HEAD HEAD

SIZE (GPM) (FEET) (PSI)
-4 lIndi Z, L~,e Wells ~ STAINLESS STEEL FABRICATION YIELDS

-____ MAXIMUM HYDRAULIC PERORMANCE
SP I f 4 1 2-7 1055 45 Orundlos fabrication techue oals

SP ')0 43 stee perit idea shaping oifpiran iue
SP2 j4" 5-14 90 43 vanee to maximize hydraulic desgi Combined
SP4 4" 11-28 900 39 with the inherent omoothrness oi stainless steei,

lire Orundlos design provides opimua. ourlor -
-Tk 4 20-40 510 221 mance and uigh operating efficiencies

SP8 4"& 6 22-56 765 31
6, 11, I10 Inci & I-jrrjer W~jIs

SPl16 6" 48-110 1 845 366
SP 27 6' 75-200 835 361
SP45 6" 150-290 680 2941
SP75 8" 230-500 310 134
SP120 10, 350-800 420 182

&VI, bet

SP I-DS 4"&5* 1 2-7 1695 734
SP 2-DS 4"&5' 5.14 1620 701
SP4.DS 6' 11-28 1720 745
SP8-DS 6' 22-56 1450 628 EXCLUSIVE PRIMING INDUCER PROTECTS, SP 16-DS 6 & 8" 48-110 1745 777 AGAINSTRAY RUNNING Threexclusiue
SP 27-OS 8' 75-200 1910 827 Gruridfos priming inducer protects agaubri

damage due to dry runing should water levels
SP 45-DS 8* 150-290 1220 528 drop urrepectediyn the well Locatedinside the
SP 75-DS 8' 230-500 1080 467 suct~oumiterconuiector aipumpintake tis smrall

Iaxial flow screw provides enoughr waler to iubri-SP 120-DS 10- 350-800 1 590 215 1calelire pump rItiI theArSl has wie torecover

2



Materials of Construction
___ (STANDARD PU~4S

COMPONENT S 1 SP2 ISP4 jP@ SP8 SPl6 SP27 ISP45 SP75 SPI2O
C S c S C S c C C C Ic C c

Check Valve Housing 2 2 2 2 2 2 2 2 2 2 2 2 9
CheckValve 2 2 2 2 2 2 2 2 2 2 2 2 2
Check ValveSeat 10/3 10/3 10/3 10/3 10/3 10/3 10/3 10/3 10/3 10/3 10/3 1013 10/3
DiffuserChamber 2 2 2 2 2 2 2 2 2 2 2 2 2
TopBearing 10/3 NR 10/3 NA 10/3 NR 10/3 10/3 1X3 10/3 10/3 10/3 10/3
Impeller SealtRing 10 10 10 10 10 10 10 10 10 10 10 10 10
Split Cone Nut 8 NR 8NRB8NR 2 2 2 2 2 2 8
SplitCone 2 NR 2NR2 NR 2 2 2 2 2 2 8
Impeller 2 2 2 2 2 2 2 2 2 2 2 2 2
Suction Interconnector 2 2 2 2 2 2 2 2 2 2 2 2 9
Inlet Screen 2 2 2 2 2 2 2 2 2 2 2 2 2
PumpShaft 7 7 7 7 7 7 7 7 7 7 7 7 7
Coupling 4/61 7 4161? 416/7 4/6/7 4/U70/ 416/7 406! 0i6,

7
0 5 5 5 5 5

CouplingKey NR NA NA NR NRO NA NA NRID 1/2 1/2 1/2 1/2 1/2
Straps 2 2 2 2 2 2 2 2 2 2 2 2 2
CableGuard 2 2 2 2 2 2 2 2 2 2 2 3 3
Priming Inducer 3 3 3 3 3 3 3 3 2 2 2 NA NA
Intermediate Bearings 2/8 10 2/8 10 2, 8 10 10/3 10/3 10 10 10 10 10
Shaft Bearing Sleeve NA 2 NA 2 NA 2 NA NA NA NA NA NA NA
8*Motor Adaptor Plate NA NA NA NA NAN NA NA INA 9 19 19 1NA NA

NOTES ID o 6" Motors For coupling refer to moateroi code 5, For coupinig
key refer to material codies, I and?

NiR Not Requireci C cylindrical Shraft S Spliced Shaft

Material Codes SP Nomenclature
CODE
NO. MATERIAL SP 0 2 -10 DS

I 302 Stainless Steel SP - Submersible Pump-=
2 304 Stainless Steel No Letter - Standard Constructionf -
3 316 Stainless Steel 0 - Giltield Construction
4 329 Stainless Steet N - 316 SS Fitted
5 416 Stainless Steel 2 - Multiply by 5 for
6 420 Stainless Steel Nominal Flow Rate
7 431 Stainless Steel (Example 2 x 5 =10 gpm)
8 Zinctess Bronze 10 - Number of Stages
9 Ni-Aesist No Letter - Standard Construction

10 NBA ____ DS -Deep Set

3 (0-14)



Performance Curves
650 n imCu. ;mSRO" " 'L130 ~ 'l GPMIii SUll RPM

FLOW RAIGE60

20 to 40 GPM ijpil i '
PUMP OUTETI.Nf
2" NPT50

~~100

LL6

50 50 10 1W025 3 5 4

SP ~ 6(4(3

0 250 t(fl -f44



SP 6 Selection Charts

30 GPM

20 to 4o GPM . .

2" NPT
o-~P- 2D9 Tm . . . . _ _

=25

I

SP6-8(1 /zHP)

2359 2= 1591 9E5 2149 62 231 2w~1321 If. 61

40 m 101 W63109 316 53 2376 2160 Wm u969 1i2 7
173 150 41S 45 2195 ' 15.51 1= 6 3

29 1235036 19S2 1i57 115 09 w
182 6327 225 1650 1216 6U 114 I51

___4 ___6_ 19 2041 1291 759 189 142
821 1761 833255 34

16 14% 342 12
__ 977 16

I ,45 I 8

15
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slurry cut-Of Walls

Subcontractor

McClelland Services Inc.

Slurry Cut-Off Walls

Description ........... 2 walls, onewall U/S of excavation
and one .Y- shaped wall D/S of the
excavation. The walls were
constructed approxinately parallel
to the dam axis, extending fro= the
left to right abutments.

Excavation: ............ 3' wide trench excavated fro=
surface to top of rock (0-65')

Slury: ................ Sodium bentonite and water mixture.
Backfill: .............. Soil-bentonite nix design consisting

of: on-site clayes, silts and sands;
additional sand and gravel; dry
bentonite and slurry.

Cap: ................... A dry mixture of aggregate, sand and
dry entonite covered with a
geotextile and compacted impervious
fill.

Equipment

1 Erie - Strayer concrete batch plant
1 1266D Koehring backhoe
1 3900 Manitowic crane
1 550 John Deere dozer
1 D-6 Cat dozer
3 CCC concrete mixing trucks
1 Whiteman concrete pump
1 W24B Case front end loader
1 4,000 cu.ft. storage pig
2 GMC end dump trucks
- various air compressors and water pumps

Materials

Material Supplier
Sodium Bentonite Federal Ore and Chemical (Colony, WY)

(Slurry Mud-90)
Backfill Sands insitu sands and Standard Slag

(Haverhill, OH)
Cap Aggregate Ken-Mor Stone Co. (Olive Hill, KY)
Filter Fabric Mirafi Inc. (Mirafi 600X)
Water Blaine Creek

(0-17)



3.2-01 0. DEkEIN YSE

Slurry Cut-Off Walls

Changes

- Constructed the DIS slurry cut-off all within a single
phase instead of tio phases as indicated on the contract
drawings.
-The upstream leg of the do.strean slurry cut-off wall
intersected the downstream leg in a strait line instead
of a curved shape as indicated in the contract drawings.
Mixed backfill aterial for the D/S slurry cut-off wall
with a dozer near the trench.

Construction Procedure

- Level surface to proper elevation and survey alignent
for trench excavation.

- Prepare slurry to specifications (viscosity 50-70,
specific gravity >1.i, sand content <10%)

- Excavate trench with a Koehring 1266D backhoe using a 3'
wide Adcc rock bucket from surface to top of rock (0-
65'). If boulders were encountered a chisel-point drop
bar was used to break the boulders and were then
excavated with a backhoe.

- Place and maintain bentonite slurry in trench to within
1.5' of surface.

- Clean bottom of trench by air lifting before placing
backfill material.

- Batch soil-bentonite backfill to specified gradation with
a minimum of 5% bentonite and a 3-6" slump.

Backfill gradation:
Sieve Size or Number Percent Passing

(U.S. Standard) by Wieqht
2 inch 100

3/4 inch 90 - 100
3/8 inch 82 - 100
No. 4 74 - 100
No. 10 63 - 90
No. 30 45 - 73
No. 50 35 - 64
No. 200 20 - 45

Mixing Procedure:
U/S Wall: Batched total backfill mixture using an Erie

Strayer concrete batch plant into concrete
mixing trucks and then placing at the trench
from the right to left abutment.



12-01 0. DEWATEAITN G syS

Slurry cut-Off Walls

Construction Procedure (Cont)

DiS Wall: Batched dry materials of backfill using an
Erie Strayer concrete batch plant into dump
trucks and was then placed on the ground,
next to the trench, where the slurry was
added. The backfill was then mixed and
placed in the trench with a D-6 Cat dozer
from the right to left abutment.

- Place soil-bentonite backfill in trench, maintaining a
100' distance between the toe of excavation.

- Removed the bentonite slurry from the trench as backfill
material was added. This slurry was then used in the
backfill mixture or was spoiled.

- Upon completion of backfilling operation a dry cap was
placed, consisting of: bentonite 8%; sand - 1 part; 1/2
in. aggregate - 1 part; 1 in. aggregate - 2 parts). This
mixture was batched using an Erie Strayer concrete batch
plant, and was mixed and placed on the trench using
concrete mixing trucks.

- Mirafi 600X geotextile was placed over capping material.
- Impervious fill was placed and compacted over the slurry

cut-off wall after completion.
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FEDERAL SNTONflI

McClelland Engineers
P.O. Box 28232
St. Louis, M0 63132

REFERENCE: McClelland Project, T.B.S. Terminal, Charleston, WV

SUBJECT: Certification of Material Specification

TRUCK NUMBER/NAME: Q-\\) L LJ k £LI(

Having reviewed Materials Specification, Section 13A, Eighth EditW- , A erlcan
Petroleum Institute, in its entirety, Federal Bentonite has conformed to all test
data requiements for Slurry Mucgo sodium bentonite.

CHEMICAL ANALYSIS: A layered silicate mineral typically represented by the
following formula:

(AL. 63 Fe 17  . (AL0 7 51393) 010 (OH)2  (Ha.24 Ca .04)

LABORATORY TEST RESULTS TEST DATA

1. Fann 600 (Initial) '
2. Fann 300 (Initial) _ _ _3. H20 7

4. Filtrate *
5. Barrel Yield Minimum g-o

This information and data contained herein are believed correct when the recom-
mended material is applied in accordance to the lines, grades, and cross sections
as indicated and approved by the Design Engineer, We do not warrant by implica-
tion or expressly the accuracy thereof. In presenting uses for this product, no
attempt has been made to discuss applicable limited warranties, expressed or
implied.

Very truly yours,

onad t#
Manager, Technical Services

DH:MLJ/ra Filtrate Data will be given with
aged results.

(0-22)
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12-01 P. SHEET PILING

Subcontractor

Richard Goettle Inc.

Types of Piling

- Temporary abutments for a access bridge across Blaine Creek
("Z" Piling)

- Temporary blockage of the downstream slurry cutoff wall
("Z" Piling)

- Cellular Cofferdam (Sheet Piling)

Cofferdam

Type: ............... Cellular sheet pile with concrete cell
caps and concrete monoliths at the
abutments.

Location: ........... Center line of cofferdam is 332.34'
upstream of the dam centerline.

Number of Cells: .... Seven cells with connecting arcs.
Bottom Elevation:... Sheets are driven to elev. 540 or top of

rock.
Crest Elevation: .... Sheets are capped at elevation 616.

Equipment

1 3900 Manitowic crane
1 LS-338 Link Belt crane
5 Welding machines
1 416 ICE vibratory hammer
2 416 ICE power packs
1 440 Link Belt diesel pile hammer
1 105 Link Belt diesel pile hammer
- Various storage and office trailers

Materials

Supplier: ................... Bethlehem Steel Corporation
Steel Sheet Piling PS 31:... 72476.8 LF
30 Degree Wye: .............. 1610.8 LF
90 Degree Tee: .............. 93.0 LF

Template

Single level template supported by rigid frames (tripods) on
spud piles. Four "key sheets" (PS 31 welded to a H-pile)
placed at 90 degree angles were placed to support sheet piles
until closure was made.

(P-1)



12-01 P. SHEET PILING

Procedure

- Placement and alignment of template and drive "key sheets".
- Drive sheets with vibratory pile hammer until penetration

rate drops to less than one foot per minute.
- Complete driving sheets with impact hammers with length

and final blow count being recorded.
- Complete closure for cells or connecting arcs
- Splice additional sheet pile and trim to crest elevation

616.
- Fill cells and connecting arcs with fly ash and place 1'

concrete cap.

Chronological Sequence

Sep 86
24 Began mobilization
25 Began assembly of template
25 Completed common excavation at cofferdam, elev. 570

Oct 86
30 Began placing sheet piling for cell #2

Nov 86
7-10 Placed "Z" piling for slurry cutoff wall
14 Began placing sheet piling for cell #3
19 Completed driving sheet piles for cell #2
26 Completed driving sheet piles for cell #3
26 Beg.an placing sheet piling for cell #4

Dec 86
11 Began placing sheet piling for cell #5
17 Completed driving sheet piling for cell #4

Jan 87
2 Began placing sheet piling for cell #6
12 Completed driving sheet piling for cell #5
13 Completed driving sheet piling for cell #6
13 Began placing fill in cells
26 Began placing sheet piling for cell #1

Feb 87
4 Completed driving sheet piling for cell #1
18 Began trimming cells 1 - 6 to elevation 616

Mar 87
3 Conpleted trimming cells 1 - 6
3 Completed filling cells 1 - 6
26 Began placing concrete caps on cells 1 - 6

Apr 87
9 Began placing concrete monoliths on right abutment
17 Completed placing concrete caps on cells 1 - 6

May 87
5 Completed placing concrete mono. on right abutment

(P-2)



12-01 P. SHEET PILTNG

Chronological Sequence (cont)

Sep 87
3 Began placing sheet piling for cell #711 Completed driving sheet piling for cell #716 Began placing concrete monoliths on left abutment30 Completed trimming, filling and capping cell #7

Oct 87
10 Completed placing concrete mono. on left abutment

(P-3)
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Link-Beklt'

K'Diesel Pile-Hammer
Working SpecificationstoRated equivalent WVH eniegy .................. 18.200 ft. lbs, (2.517 kgm)
Rated equivalent ram stroke ............................... 4' 8' (1.42 ml)

AIM ~ ~~~Horsepower rating .......... e..................................... 496
Speed - blows per minute......................... ........ 88.92

Weights

Average hammer operating weight
0 c ~~w/o driving head or fllter ............................ 9.839 lbs. (4.463 kg)

Ram weight........................... ............. 4.000 tbs. (1,8 14 kg)
0 c ~~~Anvil weight.......................... ................. 705 lbs. (320 kg)

Recoil dampener adaptor assembly ....................... 620 l bs. (236 kg)

Capacities (Adequate for normal day)

Diesei fuel tank................. .................... 13 gal. (49.21 liters)
Lube oil tank ........ I.................. ............ 1.8 gat. (6 81 liters)

Dimensions of Hemmer

*Width (side to side) ............................. 20' (.51 mn)
V..Depth (does not include driving head)........................3.' (.87 mn)

Centerline to fiont -............................... ....... 17'ie (.43 mn)
Centerline to' ear ....................................... l17 1I,6- (.43 in)
Hammer length only - with free fall starting device

Iwith "Y" hitch....................................... 13' 5,V' (4.11 mn)
Average length of hammer, top of cylinder head to

pile driving surface of driving head..................... 13' 9Y4 (4.20 in)
Average length of hammer, fop of "~Y" hitch lifting eye to

driving surface of driving head (includes starting stroke) ... 19'1' (58a2 mn)
Hammer lengtht only - with optional centerline lift

starting device....................................... 14' 6 /' (4.43 mn)
Average length of hammer, top of cylinder head to

pile driving surface of driving head ................... 15' 7 ' (4.76 m)O

(D INS dimension Includes Starting strokie It hsst line is att~tred directly to starting device itstaftinfgaSM
C itandUnig Wire rspe furnlishedi with hsammter is usd. 14- ( 36 M) Must be aded s hammer leh And

37W (9 aS ) must. be54 adedfr starting stroke.

Dimensions for Leads

Face width of guide rails (A)... 6' (.15 in), 7' (.18 in), 8' (.20 in), or 9' (.23 mn)(1.Dtistance between guide rails (8) .......... ................. 201V (.52 mn)

Note: Pads for wider leads, guide angles for other width rails, and guide clips for
5 spud type leads are available.

(.. A

(A) Face width of guide rails.
6' (.15 ml) to 9"(.23 in)

(8) Space between guide rails.

0025757.5 20 '* (.52 mn)
- -(Su eedles 440 D.P H. Spec's,.-
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TkrMEE MDELS- Low NOSE POIJ.!JTIGN
LARGE ECCEN1RC MOMENTS. Th iroy&v -3viayrmes

-.ree- rodsls a~cw tre propEr - aimn to Tbe =tber alastcmes in tte v~~r~io S=zp-
be se~ect-=d Wo ev~ery jzb. T he eccoocaI 216 presscr-e8al the spin-ocie w
is ikdeZ. S!ie W9 many less 5CEMI jchs. somaccf s with c,,-z tr~y euers.
Tmeci-i& 416 is-des59ned f-_ avi'eae to Ckithe d-0%4I6and 82. the power pack a

herdpiledrivng ad ack~gwtk~ie81Z cooelesy encsed to red"c roise. Air
13he LEN-gest 1d!acr a2ral~abte, Will hande-e 1 ma_ and exiass ar both Lpward. An
most dillicujtt pling ard cassca wori. Afl Wpicnal scund redtihion package is aalabie
three models hav'e Large eccertric moments to further reduce roise.
fW maxmu driving and ercigfre

WIDE FREQUENCY RANGE.
M three mode'ls have variable fre~uencles to

provide the most effective driving and extract-C
ing o-er the widest range of so:] conditions.

HYDRAULICALLY POWERED.

Simple. reliable hydrlc power mean low
down-timne and maintenance. high production.
and low operating costs.

ADVANCED VIBRATION SUPPRESSOR.
Transmission of vibration to the crane boom
is virtually elieinaled by the unique vibration
suppressor. Rubber elastomers in a Z-pattern0
comnbine a 'high degree of vibration isolation
with a 411-ton load capability for extraction.

DESIGNED FOR THE FIELD.

C experienced foundation construction people. 1%

Viirators and power packs feature simple,
rugged designs to minimize field down-lime
and to speed repairs when trouble does occur.
All parts for the unit are available in the ICE MODEL 812-350 HP-THE LARGEST
United Stes. Ships with head attached for VIBRATOR AVAILABLE TODAY
quick set-up.

(P-7)
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COMPOKEIS AND OP---MTION

Tbe ICE -2tty 6-rh-Ie% 1:2s 5 eTetaat enctosed pmwer pack is c=wgadmajo opeattz P case. C6a sicid ty-Pe fuel :a:* subbase.AcntcdrinpextraI be jppvram=,essr* Pan-el at t1he fear of Vie Lt:: Ccntatc an cWe-Power pack ard re e-cc-j pe_,ta =9n G22es and Ccac- .Accm~n reservoir
Ts:*p~es hyralc hid to sepasae bjcfautica he cm--:c w4!,- iri 1e 7brzs-cos for tte main Vibiator mocos.are driveni bY hY &uic r.-4cr= r=cuned en cre for tile dam-p in the duiigfwiacingMie vibraton case. -ahe z=crs and: eccemtrcs

ate 9-1ar corweced to cairatai prcpes Syr-
Three hydrauli hases coiinec: tbe pawer
Pack to &he hydraulic motos in tj-e vibrator.The drivingerracting head contains two Separate hyrauli hoses runi from V-z powersdr i aw-o swatonary and oi* in'e pack to the thingextracting head.Mbl' ktA lag yralcclnder cperztes the-

- anoeable jaw to grio Mhe pole. Cla;piNg andl Th hac-ed irw-01onjot pecant hasuncLa-np-.g occtuis in a few seco..ds. tw uh-:Ms a rwo-way switch, and an
icator Wt.h The buttors start andl stopThe vibratica suppressoir is constructed %ith vibration. The switch closes and opents therubber elastoinerswt iscia. mie V2.bratioti case hydraulic clamip in the driving/extractingfrom the crane line. It is deigned for a rnaxi- head. The light indictes that adequate clamp-.mnn line pull of 40 ton during extraction ing pressu re exists for vibration to begin.

-Ma ACAO

CLI

VRIBRATORUG EA

ST.LOIS MSSUR'PI
rum9



SFECOFCALTIOCS u e , I
J. 13~~~

IiC ----- U ODEL2I5 U- ODEl.416 _-OES2

______ n~ ILet1W6 Engish IIrc l43~ueac
YSATOR.- ...-

Eccentricament IWO l-b 1152kg-m 118(VOi-bs 2374kg-cm ifl-bs 4146k-c
800160..= BO1SDOvp 4rv,16C0m44Dq 51-(~~~fecuer ~ ~ ~ ~ ~ jx 8C-50 c~vm48-s~i70100 VMr 7W0-200 vInM

__ _ V k-b&ic 3-19imZ %4- inch- - 7-25 mm.~CL - 12-25 vm.'jz

lcsce. 115 - 115 - - 220 -* 22D -- ,- 350
~i pinc, force 45 cs.-Atonnes -1 lOtons.7-Z 91 tories~ 100 tons 91 tonnes

r64epulijor 36tonngs. 40 tort-sZ 36 tonnes A't40 -o 36icns

*eighb4, 45OW bs 20492 kg. 1220zb - 5445 kg. 14.700 lbs 67k
ihbead -

47 194 RiZ 96 i. ~24Om n=- . 2446 ___v
WI&th 12 an.. 305 rm._ 22 n. 7 50zxin 24 in. 610 iran._-
lb othi width 12m 30 m. I 2 7 305 mm... 12 in. .~nn

.Hih it u 3in. 1981mm 10anI270rn 117 rn. 2:Om

:Height wigt hebad Z8 in. - .27Mr 6ir 13omL .8in

iIOWERPACK ~ 7 hn -13m. 8r. 2or..

'ype - :~ .. ui Hydrauic4 - Hydraulic Hydraulic Hydraulic Hydraulic_-:
Engine -- CAT 3208 CAT 3208 ACD 21000 AC21000 AC 25000 AC 2OO
[Orseplolwer.-mnay- 175 175 J375 375 450 450) --
jYleight 7500 lbs 3403 kg. 14.000 lbs 6355 kg. 15.500lbs -7035kg .. "'

[Length 96 in. 2458 mm.L 154 in. 3910 mm. l54 in.- 390m
-V.'dth 60 in. 1524 mm. 60 i.---.' 1525 mm.L 60 in 1525 mm.

Heigh 68lIn. 1727 mm. 9in.' 12290 mm. 90Gin 220 mm.

- -L-LENGTH"-

1 -'V-HR&AT~WITH
xH -HAMMER HElGHT

Co~nstant Imreovement anld engineefin Re g is make 11 neces.ary 111,1 *M IM(se the
richl in make snerifiralmn eo,,,mmnt anzi ni~r rha,.-.. - I



MODEL 216 SPECIFICATIONS

V3RATIOM SWPPHESSOR-4'orj 2 k Pc p b e eala- HYDRAULIC SYSTEM
t. i rtz-bes eucesoms 0scla& c=30e BTe &--4 Type-Open= LOOP

Vicraooo s,- Suzan-l sasy-_ ssps. Szn le-o- Aael nl
of b = :-,= = No 5 Onv~ _= Lnz bl-S Cles-ocs= es edvic:360 "i -vie smior a8 sxgos gage. Covley bt lrms= beefeer.

muo AE T0ecoecruic we4goa mcxwed on--
corer bwesg. lyhat t~oer moed ca cs t crteg s yaaprtco adbpssl"a

--y 9=a v.em =;-Cuanc s =x .6 Solassa kbbi- Poes-Dve pump 100 6P5( 2500 PSI. Clamp PQCcauig s-ysem.- LL-se ire as 115 HP at IM0 GP34 aind S 6 L M 0X PSI.
COPl ~eao eQocosy 300 :* 160W vibraossos M. van% preison ho and L---a as6p 1_y %ae A -a. Ibe. stain and clam cxc08 readf vaues. Mes o*s

DAIYNGIXTRATUE HEA - oot -acilaghydai :i200 pcesx-e 2000 PSI.( c0indr (3 tns x 2i P:),PeoaoeowiHeal F, -si flo,. r.t 4-d tbe. cd lend skgawa ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~o -V L-4~vrostps n le fpis ClSM HSS0 nh ID) vibrator moos dive an4 re,;

ii inc motors case dram laos. An 100 feel lo02.POWER-PACKProtecte by bearp-ssy steel frame. 110 CONTROL PANEL WSTRUMETATON-TaIcbeeiViii. Erii-gatton toed tasse koegrat ute sq-.e toigs ubet g pase wa~r tecperalure gage Engine oill presse gage.Single Poent Ilibag aatma.A=0wO~f SVM hour meter En, start salch, Drive

CIESEL ENGINE-CAT 3208 dese Eigg cylioder- O.H.V. s 1C.Caot resr gg. irto owraOcCSptaeOIn 63S Ca,. in. Sore & Stroke 4.5w X&0 inches,
Horsepower 16a as 2400 RMI Torque 400 It. M&a 81 CONTROL PE QANT--Hand held. 50-loot cable. 24 volt,14W RPI. Como:ssic syste fout cycle0, normally Vib-rao sorn-stop, suicott Clamp cloe-oe swilch.

Pirzea. L-4=i-tr ightl for =dequale clamping pressurs.

MODEL 416 SPECIFICATIONS -
VIBRATION SUPPRIESSOR-Farsy %on fille putl for estra- HYDRAULIC SYSTEM

lion. Evg'r.t rubber elastoolers isolate crane line fromn Type-Open Loop
vsr~ii Bap uiffi safety' staPs. Single alac-Point Resemior-345 gatlons capay. All steel welded con-fot crane line. contains ES gallon permnteSWo strcion with integral battles. Clean-u-t access andfinter on Itlotrs pressure lute. Filter has replaceable xe"olsgtae.Cvyfrineso htr.Fselerena. M1anifold distributes hydraulic flid to twor~o by manual gae. Cvt o meso etr imtors and clamp. Hon-vibrating weight of 4500 lbs. b' tOs-toaump i. fnfo.1 i- elcal

assits rivng.cartridge witht bypass protectionl and filter byp=s indi-VIBRATION CASE-Four eccentro weigts mi e on cator. Pick-up line, lull flow. 75 micron. replaceable
parallel hilals. Sh~afts mounted in heavy-daiy spherical cartridge withI bypass prolection and filter bypas Indl-roller bearings. Two lhydraulic motrs mounted at Cend ca1cr. Drive pressure tire. lull flow. 10 micron. replace-of vibration case. Motors and eccentric shafts connect- able cartridge with bypass protection and fifter bypass
ed by gear train to maintain synchironization. Sp"as indicator. 8ypass on pick-up, or return lines zutomatic-
lubricating system, Motors rated at 110 HP each at 80 ally shuts down diesel engine.
GPu and 5000 PSI. Boll pattern in bottom accepts Pumps--Drive pump 85 GPM, 500 PSI. Clamp pump
standard driving heads. Vibration frequency 480 to 1600 6V2 GPM. 5030 PSI.vibrations per minute. Amplitude V-11 inch. Control Valves - Precision Iwo and four-way valves

Main and circuit relief valves. Maximum operating pres-ORIVINGIEXTRACTiNG HEAD - Double-acting hydraulic sure WW0 PS1.
Cylinder (100 ton at 4000 PSI. 125 ton, at 5000 PSI). Re- Host Exchangetr-FuI ftow. fin and tube, oil and alr.placeable gripping jaws accept various types and sizes oe-V4icIDvbar itrsdvendeunof piles. cylinder ruzrd protects hydraulic cylinder. Hoe-IuicIDvbarmtrsdvendeun

* femoveable pile guaid directs pile Into gripping laws. hose. % inch ID clamp pressure hose. 4 inch ID clamp
return and motorl case drain hose. All 150 feel long.

POWER PACK-Totally enclosed In heavy-daly sheet metaL, CONTROL PANEL INSTRUMENTATION - Hydraulic flid135 gallon fuel lank integral with square tubing sub- monitor. Drive pressure gage. Clamp pressure gage.base. Air intake and exhaust upward for quiet operation. Shut-down Indicator lights for engine overupeed. engineSmotle point liltlng attachment. Sheet-melal door closes water overhepmng. engine oil pressure being low. oilt0 protect engine radiator and hydraulic fluid heat return filter being clogged, pick-up fitter clogged, highexchanger. hydraulic fluid temperature. Engine tachometer. Main
power switch. Engine start button. Shutdown resetDIESEL ENGINE-AUiS-Chal Mero 21000 diesel, Six cylinder swich. Engine oil pressure gage. Engine water tern-O H.V. Displacement 844 cu. inches. Bore and stroke peralure gage. Ammeter. Engine hour meter. Engine5114 a 61h inches, Horsepower (maai 375 at 2100 RPM. throttle, Engine stop knob,

Governed RPM 2000. Peak torque (net) 1048 P1.-Lbs. @
1400 RPM Electrical system 12 volts, positive ground. CONTRlOL PENDANT-Haind held. 50-tool Cable, 24 volt.cosmbustion system 4 cycle. lurbocharged Cooling sys- Bulions t0 start and stop vibration. Switch t0 close andlem 16 gallons liquid. Batteries (2) 8D. Air Cleaner- open drivinglcuttacing head. Indicator tight for ade-

dry type. quate clamping pressure,



MODEL 812 SPECIFICATIONS

V3RATWN SummfiSSOR--eqtom A for 04mac- HIYDRAULIC SYSTEM
~co.E~btruOev e es Io~ae aI~'e rom Type -QPC Loop

becae r.C=-Lz125 PKo m.r~ Wae 00 PSI
UW o cw v Prsuefie. Fftei has reeaefl szuci wk11.2a afe.C3 lacs

*-,e- ~ ~ ~ ~ b.aui Ufluid tOic casbegae ao frIeirmba"

and aung of 45W lbs - Firs -eun fine. L1 Vow..1.irnretca~

assiss driing.cartridge with bypass protecn and ft" z bypass Inci-
VlIRATION CASE-Eih ecestrle igtrts cmaned orn catO. Pic -lne. It". 00w. 75 Imicroni. replaceable

paae snas-s. &-a4= mo=ned In heavy-duty s &hnal ca-vidlle Uit byp255 antetCO d fi bypass Mdi-
Sca=o. Drive pressure line. full flow. 10 ircO.m replace-

onrcam e.Ss an-d eccem-tre saa conniected by alS cardg a bypass rectlon anid flter breassc~ S*iSttCL p~la2 ~roa1- inar. Bypass on pick-UP p ci e:rar Ivis attiat-

61-GPMI 5=0 PSi.
asc~i. Contra Vals- Prectsson two anid four-way valves.

Main acd circuit relief valves Llasirwnm operatg pies-
DRIVINGIEXTRALCTI4G HEAD - De-act&ihg hydraulic scr 5000 PSi

cyIlnder (100 tomna: 4=0 PM. 125 %on at 5000 PSt.l~ HetEdierrrUfo.lnai tb.eiade
placeable gippong ga.- accept var-u types anid =tes etEhm -ulfo.inadib ila ir

~ ~ l~e- HoIC-Tih ID vi!;rator tiotrs drive and return

rocveao ~ ~ ~ ~ ~ ~ ~ ~ ~ O pr udmot pl no;i*- - nh=ors case drain hose. Ail 150 feet tong.

POMRPCC-oaye~dsdI eaydt hetmtL CONTROL PANEL INtRUMENTATION - HlydrarztiC flid
135 gallon goes tank integral Wi-ti Squrare tU.rn slibe monitor. Drive pressure gage. Ca.P Pressure gage.

ase. Air intake and ealhust wwad Ia 0ret opertion. Shtdown Indicator Uig's tor engine overspeed. engine
Single poit .ftig sacnc=eLi StieltetaW door s5 wa-er oenearing, engine oil pressure being tow. oil
to protect engine radiat and hydraulic Il-Id return flter ben clogged. pick-up filter ec;ed. high
eactiarigr. hydraglic fluid tenpera:6re. -Engine tanitornete. Main

power switch. Engine stan button Snuttiove reset
DIESEL ENGINE-A~fsCtsatters 2M0 diesel. So[ CY*Inde saitoti. Engine oil pressure gave. Enie water tempera-

O.HV. Orap cerniet 8 - Ci. Inchies eore & stroke lure gage. Ainircle. Enginre hour cteter. Engine thrcttle.
57._x syz inchtes. Forsepower (rim.) 450 at 2100 RIJS Engine stop knob.
Governed RPM 2000. Peak torspe (net) 1248 IL-ha. @
15W0 IPLL Electrical sys:emr 12 volts. positive ground. CONTROL PENDANT-Hanrd held. %0loot cattte. 24 volt
Conmustion s~ern 4 cycle. W.rbocriarged. inrcced.W Outtoes to start and stop vibration. Siwitchi to close and
Cooling system 16 gallon liqrnd. Batteries (2) ED. Air open drivingletraobuig head. Indicator light for ade-

Ic Cleaner--dry type. quate clamping pressure.

MODEL 416 EXTRACTING 14- H-BEAMS MODEL 812 INSTALLING 20-66' DIAMETER
IN WASHINGTON, D. C. CAISSONS 85' LONG IN WEST VIRGINIA
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12-02 FOLNDATION CURTAIN GROUTING

Location and Description

General

-Location: ....................... Impervious core section of

C, dam foundation.
'- Surface: ....................... Top of rock

Grout Lines: ................... 2 to 5 paralldl lines
Hole Spacing: .................. 20' center to center spacing

between primary holes.
Zones: ......................... I to 2

Drilling

Method: ........................ Rotary drilling
Hole Diameter: ................. 1-7/8 inch
Angles: ........................ Vertical to 600
Drill Depths: .................. 20.5' to 98.0'

Pressure Testing

Connection: .................... Air packer, close to surface
Pressures: ..................... 5 psi to 20 psi
Minimum Time: .................. 5 min

Grouting

Method: ........................ Stage grouting - split
spacing

Type: .......................... Water & cement type I & II
Mix: ........................... 6:1 to 0.75:1
Connection: .................... Air packer, close to surface
Pressures: ..................... 4 psi to 25 psi
Hole Completion: ............... When hole "holds" 3/4

grouting pressure

Grout Lines

Line "A"
Location: ................. 16' U/S of centerline, sta.

1+34 to 9+96
C Angle: .................... 100 upstream

Fans: ..................... left and right abutments
Zones:

1 ................... 0' to 20' vertical depth,
primary and secondary holes

required.
2 ................... 20' to 60' vertical depth,

primary holes required.



12-02 FOUNDATION CURTAIN GROUTING

Location and Description (cont)

Grout Lines (cont)

Line "B"
Description: .............. Optional line determined on

grout takes in lines "A" and
"C'.i

Location: ................. 8' upstream of centerline,
sta. 7+35 to 5+05, and 3+75
to 3+15.

Angle: .................... Vertical
Zones: .................... one zone, 0' to 30' or 0' to

35'. Primary required with
secondary holes being
required between sta. 7+35
to 5+05.

Line "C'"
Location: ................. Centerline, sta. 1+20 to

9+97.
Angle: .................... 300 toward abutments with

over lap area in valley
bottom.

Fans, ..................... Left and right abutments
Zones:

1 ................... 0' to 50' vertical depth,
primary and secondary holes
required.

2 ................... 50' to 75' vertical depth,
primary holes required.

Line "D"
Description: .............. This line was added to treat

broken rock zones in the
valley bottom.

Location: ................. 20' downstream of
centerline, sta. 6+75 to
4+95.

Angle: .................... Vertical
Zones: .................... One zone, 0' to 35' depth,

primary and secondary holes
required.

(Q-2)



12-02 FOUNDATION CURTAIN GROUTING

Location and Description (cont)

Line "E"
Description: .............. This line was added to treat

broken rock zones in theC; valley bottom.
Location: ................. 37' upstream of centerline,

sta. 6+40 to 5+00.
Angle: ..................... vertical
Zones. .................... One zone, 0' to 35' depth,

primary and secondary holes
required.

Other
Description: .............. Various holes placed to

treat joints, bedding planes
and contact grouting that
was not treated by
foundation curtain grouting.

Location: ................. Various locations and
arrangements within the
impervious core section of
the dam foundation.

Angle: .................... vertical to 300
Zones: .................... one zone, various depths

with a maximum of 10',
secondary holes not
required.

C

(Q-3)
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Location and Description
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Location and Description
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12-02 FOUNDATION CURTAIN GROUTING

Grouting Procedure

Preparation

- Complete overburned and rock excavation to final grade.
- Survey proper locations for grout holes.
- Drill hole for nipple, 1.5' deep, at proper angle.
- Water test hole,.if leakage occurs then gravity grout.
- Install 3" diameter nipple.

Drilling

- Align drill at proper angle and complete drilling to
designed drill depth to bottom of zone.

- Equipment
Drill: CP-65 rotary drill mounted on a track drill,

stabilized with cables attached to air

powered tuggers located on the abutments.
Bits: 1 7/8 inch carbide tipped bits manufactured by

Christensen Mining Products.
- If substantial drill water loss or artesian flow is

encountered before completion of a zone, then the hole
was "staged".

- The hole was washed after drilling was completed.

Pressure Testing

- After the completion of drilling a hole to the bottom of
the stage or zone, the hole was then pressure tested with
water at a minimum of 5 minutes.

- Equipment
Packer: Nitrogen inflated, installed at 2' depth
Header: Equip with a pressure gauge (psi), a flow

meter (cu. ft.) and pressure relief valve.
- Pressures during testing was essentially 4 psi within

zone 1, and 8 psi in zone 2.
- If surface connections or connections between holes were

encountered, pressure testing would continue until water
becomes clear and determine the effect on water flow as
the connecting hole is plugged.

- If artesian flow is encountered the packer was placed at
a 20' depth and 20 to 25 psi pressure was used to
overcome the artesian pressure.



12-02 FOA-TON C' U (RTAIN GVOU-T1G,

- Gyting-- rocedire (cont)

Groutina

- A hole wis grouted if a flicd of 0.2-cu. -ft. was
encountered during pres ure testing.

- quipet
Grout Plants: 30 cu." ft. tub typ mixer, 10 cu. ft.

8lloida1 tyte mixer, and 20 Cu. ft.
agitator tank.

Header: Equip with a-pressure gauge :(0 to-60
psi) and a pressure relief valve.

- Holes were grouted by using the same pressures and packer
placement as was used duiring the-pressure testing.

- Grout mixes and volumes used was determined by the
inspector from information gathered during pressure
testing.

- If surface connections would occur, a series of grout
circulation and caulking cycles would' be performed.

- f premature- blockage of grout flov, or excessive grout
take, or excessive mechanical downtime would occur; the
hole would be washed out and re~routed.

- Grouting was considered complete, for ? hole, if 3/4 of
the grouting pressure could be maintained during grout
circulation.

- A hole would be "spilt spaced" if the grout take would
equal or exceed 5.0 cwt cement.

- Sequence of drilling and grouting within a given 100'
section would include:

Primary, zone 1, lines "A" and "C"
Secondary, zone 1, lines "A" and "C"
Split space holes if needed; tertiary, quaternary, etc.

Primary, zone 2, lines "A" and "C"
Split space holes if needed; secondary, tertiary, etc.

Primary, line "B"
Secondary, line "B"
Split spaced holes if needed

Primary, lines "D" and "E"
Secondary, lines "D" and "E"
Split spaced holes if needed

Additional grouting; joint treatment, contact grouting,
and bedding planes.

(Q-7)
A
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Grouting Procedure (cont)

Chronological Sequence of Drilling and Grouting
(Boyles Bros. Drilling Co.)

C1* 21 Jul 86 Mobilization for exploratory drilling, spillway.
22 Jml 86 Began exploratory drilling, spillway bridge.'
01 Aug 86 Capleted exploratory drilling, spillway bridge.
05 Aug 86 Sealed exploratory holes in spillway.
05 Aug 66 Completed demobilization of drilling equip--ent.
24 Aug 87 Preparatory meeting for foundation grouting.
10 Sep 87 Began =obilizati6n for foundation grouting.
23 Sep 87 obilized'exploratory drilling equipment.
23 Sep 87 Began placing nipples for foundation grouting.
24 Sep 87 Began exploratory drilling: holes EX-l thru EX-II.
30 Sep 87 Completed exploratory drilling: EX holes. *
30 Sep 87 Began pressure testing EX holes.
01 Oct 87 Co=pleted pressure testing EX holes.
01 Oct 87 Began sealing EX holes.
02 Oct 87 Completed sealing EX holes.
06 Oct 87 Began found. drilling and grouting; 3+00 to 4+80.
22 Oct 87 Began grout lines A & C from sta. 4+80 to 8+00
29 Oct 87 Completed fcund. grouting from sta. 3+00 to 4+80.
17 Dec 87 Began grout lines B, D & E; sta. 4+80 to 8+00
'18 Dec 87 Completed grout lines A & C; sta. 4+80 to 8+00.
20 Jan 88 Completed-grout lines B, D & E; sta. 4+80 to 8+00.
21 Jan 88 Began contact grouting for dental concrete.
25 Jan 88 Completed contact grouting for dental concrete.
28 Jan 88 Began drilling exploratory holes CG-l thru CG-9.
29 Jan 88 Began pressure testing CG exploratory holes.
01 Feb 88 Began foundation grouting; sta 1+20 to 3+00.
04 Feb 88 Completed drilling CG exploratory holes.
04 Feb 88 Completed pressure testing CG exploratory holes.
05 Feb 88 Sealed CG exploratory holes.
29 Feb 88 Completed found. grouting; sta. 1+20 to 3+00.
10 Mar 88 Began foundation grouting; sta. 8+00 to 10+00.
05 Apr 88 Completed found. grouting; sta. 8+00 to 10+00.
06 Apr 88 Completed foundation curtain grouting.
13 Apr 88 Began drilling drainage holes in spillway walls.
26 Apr 88 Completed drilling drainage holes in spillway.
28 Apr 88 Completed demobilizing equipment.

- All exploratory holes were 4-inch diameter EX and
CG refers to the hole numbers.

(Q-8)
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Equipment List
(Boyles Bros. Drilling Co.)

Grout Plants
2 30 cu. ft. tub type mixer, special made1 10 cu. ft. Chezgrout colloidal type mixer
1 20 cu. ft. agitator tube, special made

Grout Puns
3 Moyno 3L10 progressive cavity pumps
I Hoyno 3L3 progressive cavity pump

Rotary Drills5 C. P. 65 air drills mounted on air tracks
2 Ingersoll-Rand air tracks
2 Longyear 44, truck mounted core drills

Bits

Drilling and Groutingi3 AW size Chrisdrill carbide plug type 20-387-445
I AW size diamond plug type bit
I AW size drag bit

Drain Holes1 XXBW size Christensen core bit type 20-152-3851 NX size Christensen concave plug type 20-186-052

Exploratory Drilling
I 7-inch tricone roller rock bit
I 4-inch diamond core bit

Air Compressors
1 750 Ingersoll-Rand air compressor
1 750 Sullair air compressor

Miscellaneous
1 227T Sellick fork lift2 Garden Denver air powered water pumps
I Water supply tank
2 Ingersoll-Rand 4,000 lbs. air tugger
I Supply trailer
2 F250 Ford 4X4 trucks
2 Light plants- Grout, water and air lines; gauges; meters; etc.- Cement: Kosmos type I and II, 94 lb. bags
- Water source: Blaine Creek

(Q-9)
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12-02 FOUNDATr0V CURTAINJ GROUTrING

Equipmaent

GROUT HEADER
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Grout Plant
& Delivery SystemC d SDW-4 has developed this new sefcnane efrance proven
grout mixing and delivery system with contractor inspired Innovations
including:
" Versatile mixing range
" Fast, mobile set-up
" Dependable performance
" Safe operation
0 Sell-Contained
" Rugged construction
" High volume capacity

Operator safety, convenience, and
functional innovations provide efficient
set-up and increased production. For rapid
site to site set-up the entire grout plant is
mounted on a dual axle trailer. A completely - - -
homogenous mix is assured with virtually
any mix using our exclusive two mode
system with a horizontal paddle agitator for
complete mixing of heavy cement and sand
grout and a high speed Vacseal pump
circulation system for quick and thorough
mixing of light and medium grout. Use of
the Vacseal pump circulation mixing system
eliminates the need for special auxiliary
mixing tanks and permits more rapid mixing V l
and continuous grout delivery.

The holding tank or sump is mounted
adjacent to the mixing tank and is equipped
with a rapid agitation system to keep even
the thickest mixes in suspension for high
volume delivery to the hole.

Smooth, constant delivery of grout to the
hole is assured with a Robins and Myers
Moyno pump. This helical-screw, rotor-type
pump maintains uniform flow without
pulsation and allows a broad range of pump
delivery rates. Whatever mix is desired, this
highly efficient grout plant system Is
designed for uninterrupted high volume
batch load delivery to the hole. This all adds
up to the first broadspestrum, fully
integrated grout plant.

& .Ivts 1ot3ru
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cD,,,1 ImPAD Grout Plant and Delivery System
Water Meter-
As each batch is prepared for primary
mixing, a resetting digital water meter
accurately determines water input to the Water Meter
mixing tank. This helps assure formulation
of proper mix ratios.

Chnta. Return to tank. Primary Mixing

High speed Vacseaf mixing pump.

Primary Mixing
The 30-cubic foot mixing tank provides large
capacity two-mode mixing. A horizontal
paddle agitator assures complete mixing of t4
heavy cementisand grout with paddle Z
speeds up to 62 r.p.m. Light and medium
grout used in most applications is rapidly
mixed by diagonal tank circulation through a
Galigher Vacseal Pump for complete
colloidal suspension of all grout particals
using a high speed impeller rotating at 1700
r.p.m. Each agitation system provides a
thoroughly mixed homogenous grout.

When heavy grout is being mixed the
Vacseat pump circulation system can easily
be bypassed. Safety Innovations

Mixing tank with safety bag breaker and safety

screening holding tank.
(Q-13)
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Holding Tank/Sump
Mixed grout can be quickly transferred from
the mixing tank through a power activated
4-inch butterfly valve into the 30-cubic foot
sump. A t4lade type agitator keeps the grout
thoroughly mixed with a speed range of 0- 30
r.p.m. The large capacity of the mixing and
holding tank combination is designed to
the hole.

Hole Delivery System
A Robins and Myers Moyno 310 Pump
delivery system transfers the prepared grout
mix from the holding tank to the hole. This
system assures constant uniform flow to the
hole without pulsation, even when pumping
heavy grout. High volume continuous
delivery is possible up to 100 G P.M. and 300
P.S.I. Variable pump delivery is provided by
a four speed Ford T-9 transmission." r transmission.

Holding Tank/Sump Power Source
Mobil grout plants are available for either
hydraulic or air powered operation. Both

.. . systems are self-contained and offer similar
operational specifications. The hydraulic
model utilizes Sunstrand hydraulic pumps
and motors and is powered by a 353 DetroitHole Delivery System Diesel engine. For air powered operation a
600 C.F.M. compressor is required to power
the series 200 EIMCO Air Motors used on
this model.
Trailer
Heavy duty three-tiered construction is used
in the frame to support all system
components. Twin axles assure long towing
life. A pentle-towing eye Is provided for
quick hook-up for site to site and generalStowing. Four drop leg jacks stabilize the
frame when the plant Is operating and are
easily retracted for travel.
Safety Innovations~Operator convenience and safety am
important factors in achieving consistant

high grout ing performance. All powered
'moving parts are fully enclosed or screened

to prevent accidental operator contact. A
heavy duty bag breaker is provided on the
mixing tank for operator convenience and

Trailer/ safety. Solid work platforms provide
efficient access to each work area and are
safety-equipped with sturdy ladders,

Power Source kickboards, chains and rails.

*Air powered model is shown.

(Q-14)
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DEPARTMENT OF THE ARMY
WAfEWAS M.A4MENT STATI4. CORPS Of ,INEAS

OCKSOUAG. UISSmP 3S9lm04

A TIO March 2, 1987

Structures Laboratory
Cement and Pozzolan Unit

Mr. William J. Quinn
Chief Chemist
Kosmos Cement Company, Inc.
P. 0. Box" 72319
Louisville, Kentucky 40272

Dear Kr. Quinn:

The data and information submitted with your request of
February 10, 1987 have been evaluated and found to comply with the

requirements of Appendix A, Cement Quality Management System (CQMS), of
ER 1110-1-2002, Engineering and Design, Cement, Pozzolan, and Slag Testing,
dated April 5, 1985.

Effective March 1, 1987, the Kosmosdale, Kentucky, plant of Kosmos
Cement Company, Inc. Is designated as a qualified source of ASTM C 150,
Type I and Type II cement under.the CQHS.

The CQMS also requires that you send us:

a. A copy of each shipping documenL (weigh bill or bill of lading)
semi-monthly for cement shipped to authorized Federal projects. Such a
document shall contain the following information: (1) contract number, '-,

(2) consignee and destination, (3) specification and type, (4) producer,
(5) silo or lot numb4r, (6) quantity, (7) date shipped, and (8) carrier
identification.

b. A copy of the test results for each lot of cement from which
material is shipped under this system as required by the applicable
specification, when we request such results.

c. Data on the most recent 20 pairs as described in paragraph 2b(3) of
Appendix A every 6 months.

Sincerely,

at

Chief, Structures Laboratory

-'TOft""~ 00ff C'NlC STAIJC.u'*3 INVROWM5A COAS1IT N1N1tRA0 WNOAMATIf

tAOKATOAV LASORATOAY A04AORY LTOAAIOAT IMACH CINTAR TC*OOT LAIOATOAVT
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1O4MAND XOSIMfOTAX
CEMENT KOSMOS CEMENT COMPANY, INC. MAONTY

15301 DIXIE HIGHWAY
P.O. BOX 72319
LOUISVILLF, KY 40Z7

LABORATORY CERTIFICATE OF TESTS

THIS IS A RECORD OF TESTS ON Bm FROM HICH SHIPLEITS S14OWWERE MADE

Shir< to BOYLES BROTHERS DRILLING COMPANY
silo

Shipped in BAG CWT No. 15
Sampled

Specifications ASTM C-150-85 I Product PORTLAND Tested 9-10-87

PHYSICAL TESTS CHEMICAL ANALYSIS

Compressive Strengths (p.s.L) Silicon Dioxide (SiO) 22.30Ik

3 Days 7 Days I Aluminum Oxide (AL-O3) 4.33 %

Av. 3113 Av. 4018 ; Ferric Oxide (Fe.O) 2.95

Calcium Oxide (CaO) 62.91

Magnesium Oxide (MgO) 2.83

Fineness 3918 cm2 /qm (Blaine) (Wagues) 1 Suifur Trioxidr (SO3) 2.35
Init. Final

Set (Gilmore) 2:05 hrs. 5:10 (Vicat) Loss on Ignition 1.39

Autoclave .031 Insoluble Residue .28

Air Content 10.0 % Tricalcium Silicate (CW5) 45.5 l

Tricaleiumn Aluminate (CA) 6.48

Total Alkalies as (Na.O) .68 %

THE ABOVE RESULTS COMPLY WITH THE SPECIFICATIONS.

C Respectfully submitted,

Kosmos Cement Company, Inc.

By



12-02 FOUndATION CULEiTAIN GVOLGFlx

Noaenclaturge

The Hole numbering system is related to; the grout line,location, hole type, and the inclination direction of the grouthole. This system designates each hole a separate number and iscompatible with the computer grouting program. Grout holeioutside of the curtain grout lines were not designated a numberand were not entered in the computer program.

A140.OPUF

Grou Line Station Ho ype Direction of Inclination Fan

Grout Line: This indicates which of the parallel grout lines
that this hole is a member of.

-A" line: Located 16' upstream of centerline
B- line: Located 8' upstream of centerline-C- line: Located on the dam centerlineD- line: Located 20' downstream of centerline"E- line: Located 37' upstream of centerline

Station: This indicates the location of the hole inrelation to dam stationing, from station 1+20 to
9+97.

Example: Station 1+40.0 will become 110.0
Hole Type: This indicates the type of hole in relation to the

progression of grouting.

P = Primary holes (11, series of holes grouted)
S = Secondary holes (2*d series of holes)
T = Tertiary holes (3rd series of holes)
Q = Quaternary holes (4th series of holes)

Direction of Inclination:

This indicates the direction of the hole angle inwhich it was drilled. These holes range from 00to 600. This character was necessary in theoverlap area or the "C" line in the valley bottom.The angle of the holes were essentially the sameIn each line, uith the exception of the fans; Cline = 300, A line = 100, 8 D and E lines are
vertical.

(Q-20)



12-02 FOUNDATION' CURTAIN GROUTING

Nomenclature (cont)

Direction of Inclination: (cont)

L L battered toward the left abutment
R = battered toward the right abutment
U = battered upstream, perpendicular to centerline
V = vertical

Fan: This is an optional character, indicating that the
hole is a member of a fan. Only grout holes in a
fan have this extra character, hole numbers other
than fan holes will leave this entry blank. The
fans exist at the termination points of A and C
lines on the left and right abutments. The
inclination of these holes is directed toward the

abutment on with it is located. The angles of
these holes vary depending on which linie the fan
located. The angle of the C line fan holes range
from 300 to 600 toward the abutment. The angle of
the A line fan holes range from 100 U/S and 00
toward the abutment to 100 U/S and 600 toward the

abutment.

-0

r..\

04

*0

4qo 3+8o 3-t70i o 60 So 344o
Typical numbering sequence: grout line "C"

(Q-21) ;



12-02 FOUtFDATIO1I CURTAIN GROUTING

Coputerized Grouting Records

INTRODUCTION:

Data obtained during the foundation curtain grouting
c operation was stored and utilized by computer. The computer

kj program, "Microcomputer Grouting Data Package", is a data base
package for storage, retrieval, and display of grouting data for
geotechnical projects on a microcomputer. This data base package
was developed by the US Army Engineer Waterways Experiment
Station and is a project sponsored by the Office, Chief of
Engineers, US Army. Criteria for a complete grouting data
package were developed by a task force group of Corps of
Engineers District and Division representatives with experience
on actual projects. The criteria covered design, construction
control, and post construction operation use. This package
utilized a dBASE III Plus Version 1.1 (trademark of Ashton-Tate).

APPLICATION:

The grouting data base package is intended to provide a
convenient means for storing data from field grouting operations
that can be used as a rapid aid in the following areas.

a. Monitoring the status of drilling and water pressure
testing.

b. Determining the need for grouting of stages and for
split spacing of grout holes using project criteria.

c. Automatic calculation of estimated initial grout mixes
and gage pressures when water pressure test data are
entered.

d. Automatic calculation of sacks of cement used from grout
mix and quantity values.

e. Monitoring the status of grouting and quick
determination of permissible areas for drilling and
pressure testing at the start of each shift.

f. Rapid display of summary tables and graphic display of
pressure test water flow versus grout take for selected
holes.

g. Automatic production of daily pay item summary table for
comparison with contractor submitted quantities.

h. Display of progress, quantities, and costs for better
assessment of likely overrun or potential problem areas.

(Q-22)
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Computerized Grouting Records (cont)

DATA ETRV

Data entry makes use of the full screen editing feature of
dBASE III that allows a form to be shown on the monitor screenQand filled in. The field logs, used during the drilling and
grouting operations, were similar to the forms shown on the
computer monitor. These forms included: (1) Drilling Log, (2)! Pressure Test Data, (3) Grouting Data (see page GR-21). For a
new grout hole, the basic data must be entered first into the
Drilling Log by hole number, zone and stage. Once the drilling
record is entered, daca for pressure testing and grouting can be
entered in any order. Pay item quantities are entered from the
field forms for each stage when other entries on the form are
completed. The grout pay item quantities are stored in a
separate file and can be viewed and edited separately. All data
entered are stored in an appropriate file. A number of index
files are used to keep the data ordered by hole number, zone, and
stage or by date or other variable for rapid retrieval of data.

Data can be entered by using the selections 1 thru 5, shown
on the main menu (page CG-22). After the information is entered
in the drilling records (selection 42), the hole can be accessed
for data entry with pressure test data (selection *3) or grouting
data (selection #4) with grout pay quantities being stored
separately (selection *5). After the initial data is entered it
can be edited, printed, or deleted.

The following capabilities during data entry are included in
the package.

a. The true vertical depth for slant holes is automatically
calculated and stored in the drilling data records.

b. Pay item quantities are automatically updated in the
hole data records by zone when pertinent data is
entered.

c. A table of estimated grout mixes and grout pressures is
printed out for the range of project criteria when a
drilling record is entered. Project criteria are based
on water flow rates (cfm) from water pressure tests.

d. When the water pressure record is entered for a hole
stage, the initial mix and calculated grout gage
pressure are printed out.

(Q-23)
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Computerized Grouting Records (cont)

DATA RETRIEVAL

Data retrieval and display are done automatically using the
selections shown on the menus (page GR-22). Selections numbers 1

* thru 5 on the main menu are used for entering new data, editing
existing data, and reviewing and printing data on a single aspect
of an individual hole (drilling, pressure testing, grouting, and
grout pay quantities). Selection number 6 is used to estimate
grout mixes and pressures for use in the field. Selections 7 and
8 on the main menu are used for statistical information and
summaries for the individual grout hole or a given group of grout
holes.

Selection number 7 on the main menu, "Print Hole
Statistics", utilizes grout take information in relation to
footage drilled. This selection has three options; summary of
statistics for hole types (primary, secondary, etc.) within a
given section, statistics for individual hole numbers within a
given section, bar graph showing vertical drill depth and grout
take.

Selection number 8 on the main menu, "Print Grouting
Reports", consists of 7 separate selections as shown on the "Menu
for Grouting Reports and Plot" (page CG-22) Options 1 thru 4,
on the grouting reports menu, utilizes pressure testing and
grouting information per stage within a given hole. Options 5
thru 7, on the grouting reports menu, summarizes pay quantities
by hole numbers or dates.

Option 1, of selection number 8, is intended to provide all
data for one hole by zone and stage for one or a range of hole
numbers. Option 2 is intended to give the status for each hole
in the desired range showing key results and date of drilling,
pressure testing and grouting. Option 3 provides a list of water
flow and grout take by hole number and stage for a desired range
of hole numbers and depth interval to summarize this data for a
horizontal interval. Option 4 displays water pressure flow and
grout take per hole number for a desired range utilizing stick
lines which represent the drilled hole on a scale of 1 in. = 10
ft. Options 5 and 6 produce a summary of pay quantities

c according to the project form for one date or for a desired range
of dates. Option 7 provides a quick listing of all pay quantity
data accumulated in the hole data file to the current date.

(Q-24)
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Computerized Grouting Records

DATA ENTRY FORMS

DRILLING LOG
PROJECT: Yatesville Lake LOCATION: C/L, Center Section
STATION: 5+90 ELEVATION: 521.00 HOLE NO: C590.O1'R
INCLINATION: 30 Lt DIANETER: 1-7/8" DEPTH NIPPLE:1.5'

Bottom [depth / elev.] Bottom [depth / elev.)
DESIGN DEPTH TO Zone 1: 58.0 / 470.77 Zone II: 87.0 / 445.66

C Bottom [depth / elev.] Bottom [depth / elev.)
ACTUAL DEPTH TO Zone 1: 58.0 / 470.77 Zone II: 87.0 / 445.66

ZONE: I STAGE: 1 DEPTH INTERVAL: 1.5-58.0 FEET
DATE: 11/02/87 DRILLER: INSPECTOR: M. NIELD

DDDDADDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
TIM E

START END FOOTAGE DRILL ACTION / REMARKS
1155.0 1600.0 58.0 LT. ARTESIAN FLOW

Press aty key to continue...

PRESSURE TEST DATA
PROJECT: Yatesville Lake LOCATION: C/L, Center Section
STATION: 5+90 ELEVATION: 521.00 HOLE NO: C590.OPR
INCI.INATION: 30 Lt DEPTH Or PACKER: 2.0'

ZONE: 1 STAGE: 1 DEPTH INTERVAL: 1.5-58.0
DATE: 11/02/87 INSPECTOR: Mike Nield

FIELD TEST DATA
PRESSLRE INTER\AL TOTAL

GAGE TRUE (IINI WATER C.F. M. REMARKS
4 25.6 5 7.61 1.52 LT. ARTESIA'N FLOW

TIME (HRS): 0 (MIN): 5 TOTAL TIME (HIRS): 0.09
Press ar. key to continue...

GROUTING LOG
PROJECT: Yatesville Lake LOCATION: C/L, Center Section
STATION: 5+90 ELEVATION: 521.00 HOLE NO: C590.OPR

WATER TE:3T DATA
INCL1NATION: 30 Lt C.F.M.: 1.52 GAGE l'.S.I.: 4 DATE: 11/02/87

ZONE: I STAGE: I DEPTH OF PACKER: 2' DEPTH INTERVAL: 1.5-58
DATE: 11/04/87

T TINfF'
CLOCK HR MIN TANK SACKS TAKE C.F.M. W/C Pg Pt REMARKS
0919 0 05 .58 3.57 0.71 3.1 4 31.6

PC s any key to continue...

DATA ENTRY OPTIONS

TO ENTER NEW PROJ/HOLE DATA OR EDIT, REVIEW, OR PRINT EXISTING
I = enter new data I = skip back D = delete
2 : edit data shown 5 = skip ahead record
3 = select another record 6 = print a record 7 = exit

Enter seleotion number:

(Q-25)



12-02 FOUNqATiom CURTAIN GROUTING

Computerized Grouting Records

GROUTNG - :.Arx MENU

GRUIGDATA BASE FOR YATESVILLE DAM PROJECT

TO MAIN MENU
TOENTER NEW~ DATA OR. REVIEW/,EDIT EXISTING DATA Selection

C SUMMARY OF PROCEDURES---------------------I
DRILLING-RECORDS-----------------------

PRESSURE TEST DATA--------------------

*GROUTING DATA-----------------------I

GROUT PAY QUANTITIES FOR A GROUT STAGE----------

LIST' OF GROUT MIXES 6 PRESSURES FOR RANGE OF HOLE NO'S.- 6

PRINT HOLE STAT1ISTICS -----------------

PRINT GROUTING RIEPORTS---------------------8

RFT) RN: TO OPE:RATING SYSTEM------------------9

Enter Selection.

MENU FOR GROUTING RECORDS
(options under selection 48 of the main menu)

%ERSION OF GROUT DATA BASE FOR YATESVILLE DAM, KI

'(ENU FOR GROLTING REPORTS AND PLOT Selection

FIELD RECORDS FOR ONE ENTIRE ROLE -----------

DRILLING AND GROUTING SUMMARY FOR (HOLE RANGE -------

WATER & GROUT TAkE TAB3LE FOR ROLE A.D' DEPTH INTERVAL -- 3

~CPLOT 01F FLOW 'VS SACKS FOR H(OLE RZANGE (BY STATION) - - - 4

DAILY PAY ITEM RECORD FOR SELECTED DAT - ----------

PAY iTEm RECORD) SUMMARY FOR DATE RANGF ------------ 6

PAN' QUAINTITI SUMMARY FROM PROJECT/HOLE FILE --------- 7

RETURN TO DATA ENTRY MENU-----------------8

RETURN TO OPERATING SYSTEM------------------9

Eiiter Selection:
(o-26)



12-02 FOUNDATION.CURTAIN GROUTING

Statistical Data

Summary of Grouting Statistics

c Contract quantities

- Contract .........- Actual-
Estimated Unit

Description quantity Price Amount Quantity Amount

Mobilization &
Demobilization 1 Job $30000 $30000 1 Job $30000

Drilling 1-7/8"
Grout Holes 23000 LF $10 $230000 19651.50 LF $196515

Portland Cement
in Grout 6500 cwt $6 $39000 4949.06 cwt $29694

Placing Grout 250 hrs $100 $25000 430.86 hrs $43086

- All quantities include; curtain grouting, additional foundation
grouting in the dam foundation, and partial payment for contact
grouting of dental concrete.

* This figure also includes redrill.

+ This figure also includes grout used for backfilling and wasted
grout.

(



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Summary of Grouting Statistics

Total by Grout Lines

"A"l Line
Hole Number Drilling Cement Cement RateType of Holes Rock (LF) Placed (CWT) (CWT LF)

Primary 56 3,723 1,281.4 0.34
Secondary 47 1,827 115.7 0.06
Tertiary 10 455 5.9 0.01
Total 133 6,014 1,403.0 0.23

"B" Line
Hole Number Drilling Cement Cement Rateof Holes Rock2L Placed (CWT) (CWT / LF)

Primary 16 540 3.6 0.01
Secondary 12 420 5.7 0.01

Tertiary 1 10 0.0 0.00
Total 29 970 9.3 0.01

"C" Line
(left and right battered holes)

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) Placed CWT) (CWT / LFl

( Primary 67 5,414 1,558.1 0.29
Secondary 63 3,880 324.2 0.08
Tertiary 28 1,618 21.0 0.01

Quaternary 2 30 0.0 0.00
Total 160 10,942 1,903.3 0.17

(Q-28)



12- 02 FOUNDATION'CURTAIN GROUTING-

- .tatistical Data

Summary of Grouting Statistics
<r

Total by Grout 'Lines -

"D"1 Line

Hole Number Drilling Cement Cement Rate
Type of Holes Ro6k (LF) Placed (CWT)' (CWT / LF)

Primary 10 350 45.5 0.13

Secondary 9 315 162.6 0.52

Tertiary 6 210 2.6 0.01

Total 25 875 210.7 0.24

'!E" Line

Hole Number Drilling Cement Cement Rate
Te Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 8 280 183.8 0.65

Secondary 7 245 7.8 0.03

Total 15 525 191.6 0.36

Total For Curtain Grouting

Grout Number Drilling Cement Cement Rate
Line of Holes Rock (LF) Placed (CWT) (CWT / LF)

A line 133 6,014 1,403.0 0.23

C B line 29 970 9.3 0.01

C line 160 10,942 1,903.3 0.17

D line 25 875 210.7 0.24

E line 15 525 191.6 0.36

Total 342 19,326 3,717.9 0.19

(Q-29)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Summary Of Grouting Statistics

Q Total- by Hole Tyne
Hole Number Drilling Cement Cement RateWone of Holes Rock (LLF Placed. (CT Lm-z / Lp

Primary 157 10,316 3,072.4 0.30
Secondary 138 6,687 616.0 0.09
Tertiary 45 2,293 29.6 0.01
Quaternary 2 30 0.0 0.00

Total For
Curtain
GroUting 342 19.326* 3,717.9+ 0.19
Additional
Foundation
Grouting 49 330 94.8 0.29
Total For All
Foundation
Groutina 19.659* 3.8_12.7+ 0.19

* Figure does not include redrill

* Figure does not include Cement used in backfilling or wastedgrout.

(Q-30)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Summary of Grouting-Statistics

Total by Grout Mixes
(cwt dry cement)

Grout Line 4:1 3:1 2:1 1.5:1 1:1 .75:1 Total

A 48.1 207.5 402.8 256.7 414.5 73.4 1403.0

B 0.0 3.8 0.0 0.0 5.5 0.0 9.3

C 46.2 412.7 639.0 415.4 382.3 7.7 1903.3

D 13.3 48.4 87.6 56.9 4.5 0.0 210.7

E 15.4 44.3 55.7 71.5 4.7 0.0 191.6

Total cwt
Dry Cement 123.0 716.7 1185.1 800.5 811.5 81.1 3717.9

% of cwt
Dry Cement 3.3% 19.3% 31.9% 21.5% 21.8% 2.2% 100%

Total cu ft
Grout Mixed 553.5 2508.5 2962.8 1601.0 1217.3 101.4 8944.5

% of cu ft
Grout.Mixed 6.2% 28.1% 33.1% 17.9% 13.6% 1.1% 100%

- Figures are those used in curtain grouting and do not include( grout use for backfilling and miscellaneous grouting, or wasted
grout.

- Grout mixes (5:1, 2.5:1 and 1.75:1) that were placed in low
quantities (combined total of 1% cwt of dry cement) were added
to the closest frequently used grout mix.

- Figures for the volume of "grout mixed" (dry cement and water)
are estimated.

(0-3..



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Summary of Grouting Statistics

Total by Zones

Grout Area of Cement Cement Rate
Line Zone Depth Curtain (SF) Placed (CWT) (LBS/SF)
A Line 1 0-20' 19,749 211.5 1.1

A Line 2 20-60' 41,950 1,191.5 2.8

B Line 1 0-35' 9,847 9.3 0.2.

C Line 1 0-50' 51,875 1,402.9 2.7

C Line 2 50-75' 24,565 500.4 1.8

D Line 1 0-35' 6,310 210.7 3.3

E Line 1 0-35' 4,900 191.6 3.9

Total 159,196 3,717.9 2.3

- Quantities do not include cement used in backfilling or wasted
grout.

- Depth of zone is in feet from the rock surface and not
necessarily drill depth.

- B Line depth is 0-30' on the right abutment.

t2
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12-02 VoUNbATiON CURTAIN GROUTING

Statistical Data

. Right Abutment
" (station 1+20 to 3+85)

Fcundation Characteristics

Station 1+20 to 1+60

Surface Characteristics

Rock Type at Surface: ......... Thin layer of shales and
siltstone (Lower Kittaning
Shale member)

Surface-Elevations: ........... 675 to 679 (low relief)

Grout Lines: .................. A line: 9 holes (including fan)
C line: 9 holes (including fan)

Grouting Characteristics

Zone I

Grout Takes: ............. Moderate

Connections: ............. Numerous surface connections
in shale 10' U/S of CL.

Other: ................... Used plastic pvc pipe in holes
to prevent cave-in.

Zone II

Grout Takes: ............. Low

Connections: ............. Numerous hole connections in
the A line fan.

Station 1+60 to 3+00

S Surface Characteristics

Rock Type at Surface: ......... Massive sandstone (Homewood and
Coalburg Sandstone members)

Surface Elevations: ........... 574 to 675 (high relief)

Grout Lines: .................. A line: 14 holes
B line: 23 holes

(Q-38)



12-02 FOUNDATION CURTAIN GROUTING

Statistical-Data

Right Abutment
(station 1+20 to 3+85)

Foundation Characteristics

Station 1+60 to 3+00 (cont)

Grouting Characteristics

Zone I

Grout Take: .............. Low

Connections: ............. Few surface connections to
bedding planes and joints.

Zone II

Grout Take: ............. Very low

Connections: ............. None

Station 3+00 to 3+85

Surface Characteristics

Rock Type at Surface: ......... Thin interbedded sandstones,
shales and coal members.

Surface Elevations: ........... 536 to 574 (moderate relief)

Grout Lines: .................. A line: 10 holes
B line: 4 holes
C line: 19 holes

Grouting Characteristics

Zone I

Grout Take: .............. Moderate

Connections: ............. Num. surface connections to bd.
pns., frac., jts. and coal beds

Other: ................... 8 additional holes were grouted
to treat a hi. ang. jt.

Zone II: ...................... No grout takes or connections.

(Q,39)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Right Abutment
(station 1+20 to j+85)

Holes With cement Rates Higher Than 0.19 (cwt/lf)Hole Zone/ Depth Cement Rate

Number Elev. Anl- Stace Inter~val Take CUT
Cl20.oPRF 678.5 60 rt 2/1 0 - 12 19.7 1.64

C128.OPR 678.5 30 rt 1/1 0 - 51 81.9 1.61
C148.OPR 677 30 rt 1/1 0 - 55 22.4 0.41
C148.OPR 677 30 rt 2/1 55 - 83 5.6 0.26
C201.2SR 645 30 rt 1/1 0 - 51 13.3 0.26
C264.6PR 598 30 rt 1/1 0 - 60 82.7 1.38
C281.5PR 592 30 rt 1/1 0 - 52 65.7 1.26
C308.7PR 568 30 rt 1/1 0 - 6.3 85.3 13.53
C323.OPR 560 30 rt 1/1 0 - 50 13.9 0.28
C332.5SR 559 30 rt 1/1 0 - 54 26.3 0.48
C341.5PR 558 30 rt 1/1 0 - 23 68.1 2.96
A350.OSU 553.5 10 us 1/1 0 - 22 15.6 0.71
C361.5TR 548.5 30 rt 1/1 0 - 51 12.8 0.25

C

(Q-40)



12702 FOUNDATION CURTAIN GROUTING

Statistical Data

Right Abutment
(station 1+26 to-3+85)

A Line(9 (holes numbered Al34;OPUF to-A380.0PU)

Zone I

Hole Number Drilling Cement Cement Rate
Type of'Holes Rock (LF) Placed (CWT) CT f

Primary 12 315.5 5.1 0.02

Secondary 12 296 18.7 0.06

Tertiary 2 48 0.0 0.00

Total 26 659.5 23.8 0.04

Zone II

Hole Number Drilling Cement Cement Rate
ofv HLol1es Rock (LIF- Placed (CWT) (CWT' / LF)

Primary 19* 1,004.5* 8.6 0.01

A Line Total: Zone I & II

Hole Number Drilling Cement Cement Rate
Tve of Holes Rock (LLFI Placed (CWT) (CWT / LF)

Primary 19 1,320 13.7 0.01

Secondary 12 296 18.7 0.06

Tertiary 2 48 0.0 0.00

Total 33 1,664 32.4 0.02

*Seven "All line fan holes were drilled to full depth from top of
rock to the bottom depth of zone 11 within a single stage.

(Q-41)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Right Abutment
(station- 1+20 to 3+85)

C Line
right battered holes( (holes numbered C120.OPRF toC382.OSR)

Zone I

Hole Number Drilling Cement Cement Rate
Tvpe of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 20 1,049.5 467.8 0.45

Secondary 19 990 70.7 0.07

Tertiary 10 522 15.3 0.03

Quaternary 2 30 0.0 0.00

Total 51 2,591.5 553.8 0.21

Zone II

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 20 504.5 6.7 0.01

C Line Total: Zones I & II

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 20 1,554 474.5 0.31

Secondary 19 990 70.7 0.07

CI Tertiary 10 522 15.3 0.03

Quaternary 2 30 0.0 0.00

Total 51 3,096 560.5 0.18

(0-42)



12-02 FOUNDATION -CURTAIN 6ROUJTING-

<Statisical Data

- Right Abutlefit
(station 1+ 20 t&",3+i85)

B Line

Zone I '

Hole Number Drilling. Cement Cement Rate
o1_e 0f H61es, Rock (LF) Placed (CWT), (CWT / LFl.

Primary 4 120 0.7 0.01

Total For Right Abutment

Number Drilling Cement Cement Rate
Lie of-Holes Rock (LF) Placed (CWT) (CWT / LF)

A line 33 1,664 32.4 0.02

B line 4 120 0.7 0.01

C line 51 3,096 560.5 0.18

Total for
Right
Abutment 88 4,880 593.5 0.12

(Q-43)



12-02 FOUNDATION CURTAIN GROUTING,

Statistical Data

Valley- Section
(station 3+85 to 7+00)

Foundation Characteristics

Station 3+85 to 4+35

Surface Characteristics

Rock Type at-Surface: ......... F. to v.f.g. sandstone w/ occ.
thin shale seams (Winifred
Sandstone member)

Surface Elevations: ........... 529 to 536 (low relief)

Grout Lines: .................. A Line: 5 holes
C Line: 5 holes

Grouting Characteristics

Zone I

Grout Take: .............. Low

Connections: ............. Few surface connections to
bedding planes.

Zone II

Grout Take: .............. Very low

Connections: ............. None

Station 4+35 to 5+60

Surface Characteristics

4 Rock Type at Surface: ......... Lt. gr., m. to f.g., mod. h.,
occ. mic. (Winifred Sandstone

( member)

Surface Elevations: ........... 521 to 529 (low relief)

Grout Lines: .................. A Line: 15 holes
B Line: 6 holes
C Line: 22 holes
D Line: 7 holes
E Line: 7 holes

(Q-44)



12-02 'FOUNDATION -CURTAIN, GROUTING

Statistical Data

'Valley Section
(station 3+85 to 7+00)

Foundation Characteristics

C) -Station 4+35 to 5+60 (cont5

Grouting Characteristics

Zone I

Grout Take: .............. Very low, with the exception
of hole number C550.0PR.

Connections: ............. Occ. connections between holes.

Other: ................... Seven additional holes were
drilled and pressure tested to
determine the tightness of
foundation.

Zone II

Grout Take: .............. High

Connections: ............. Occ. connection between holes.

Other: ................... Occ. heavy artesian flow was
encountered. Deeper packers
were used to increase grouting
pressures.

Station 5+60 to 7+00

Surface Characteristics

Rock Type at Surface: ......... Lt. gr., m. to f.g., mod. h.,
occ. mic., occ. hor. bkn. zones
(Winifred Sandstone member)

Surface ElevatAons: ........... 521 to 535 (low relief)

Grout Lines: .................. A line: 21 holes
B line: 14 holes
C line: 32 holes
D line: 18 holes
E line: 8 holes

(Q-45)



12702 FOUNDATION CURTAINGROUTING

Statistical Data

Valley Section
-(station 3+85 to 7+00)

Foundation Characteristics0
Station 5+60 to 7+00 (cont)

Grouting Characteristics

Zone I

Grout Take: .............. Moderate to high

Connections: ............. Num. primary hole connections,
occ. surface connections.

Other: ................... A line: water loss during
drillingwas encountered within
the top 15 (possibly within
the broken zones).

B line: very low grout take due
to grouting sequence.

C line: occ. artesian flow was
encountered in bottom of zone.
Deeper packers were used so
grouting pressures could be
increased.

Additional grouting consisted
of: (1) 22 holes were drilled
into dental concrete to perform
contact grouting (2) 4 holes
were grouted to treat a high
angled joint.

Zone II

Grout Take: .............. Moderate to high

Connections: ............. Occ. hole connections.

Other: ................... Occ. artesian flow was
encountered in bottom of zone.
Deeper packers were used so
grouting pressures could be
increased.

(Q-46)



12-02 FOU'JNDA'110 CUTAP1 GRc

Statistical Dita

Valley Section
(station 3+85 to 7+00)

Holes-With Cement Rates HFiher-Than 0.19 (cwt / If)

Hole Zone/ Depth Cement Ce. -Rate
Number Elev. Anale Staae Interval Take C C- r L

C490.OPR 526.5 30 rt 2/1 57.5 - 85 81.4 2.96

C510.0PR 526.5 30 rt 2/1 57 - 86 27.0 0.93

A520.OPU 526.5 10 us 2/1 26 - 66 250.6 6.27

C530.OPR 521 30 rt 2/1 52 - 81 18.3 0.63

A540.OPU 521 10 us 2/1 20.5 - 61 295.7 7.30

C550.OPR 521 30 rt 1/1 0 - 57 101.0 1.77

C550.OPR 521 30 rt 2/1 57 - 67 12.6 1.25

D555.OPV 521 vert 1/1 0 - 35 14.6 0.42

C560.OSR 521 30 rt 2/1 58 - 87 25.6 0.88

C570.OPR 521 30 rt 1/1 0 - 58 35.8 0.62

C570.OPR 521 30 rt 2/1 58 - 78 7.7 0.26

A580.OPU 521 10 us 1/1 0 - 20.5 16.5 0.80

A580.OPU 521 10 us 2/1 2n.5 - 48 152.1 5.53

A580.OPU 521 10 us 2/2 48 - 61 130.2 10.02

C580.OSR 521 30 rt 2/1 58 - 87 37.7 1.30

D585.OPV 521 vert 1/1 0 - 35 23.4 0.67

C C590.OPR 521 30 rt 1/1 0 - 58 30.9 0.53

D595.OPV 522 vart 1/1 0 - 35 8.7 0.25

C600.OSL* 526 30 It 1/1 0 - 55 106.4 1.93

* Hole number C600.OSL was drilled and grouted in the wrong
sequence.

(Q-47)



12-02 FOMDATrO O CERTAIP.l GROGUNfG

Statistical Data

- Valley Section
(station 3+85 to 7+00)

Holes With Ceent Rates Higher Than 0.19 (c. / If)

Hole Zone/ Depth Cenent Cem. Rate

NIuber Elev. Anale Stacre Interval Take CIR O-r / LF

C600.OSR 526 30 rt 1/1 0 - 65 12.8 0.20

E600.OPV 525 vert 1/1 0 - 10 43.9 4.39

E600.OPV 525 vert 1/2 10 - 35 118.5 4.74

D605.OSV 526 vert 1/1 0 - 20 87.0 4.35

C610.OPL 527 30 It 1/1 0 - 55 15.1 0.27

D625.OSV 528 vert 1/1 0 - 17 51.5 3.03

C630.OPR 529 30 rt 1/1 0 - 66 144.1 2.19

C630.OPR 529 30 rt 2/1 66 - 96 10.9 0.36

C630.0PL 529 30 it 2/1 55 - 84 6.3 0.22

A640.OPU 530 10 us 1/1 0 - 20.5 39.2 1.91

E640.OPV 529.5 vert 1/1 0 - 35 19.8 0.57

A650.0SU 531 10 us 2/1 20.5 - 61 22.8 0.56

C650.OPL 531 30 it 1/1 0 - 57 14.9 0.26

C650.OPR 531 30 rt 1/1 0 - 17 11.6 0.68

C650.OPR 531 30 rt 2/1 62 - 78 91.4 5.71

D655.OPV 531 vert 1/1 0 - 35 22.1 0.63

A660.OPU 531 10 us 1/1 0 - 20.5 15.0 0.73

A660.OPU 531 10 us 2/1 20.5 - 61 150.6 3.72

A670.OSU 531 10 us 2/1 20.5 - 61 21.2 0.52

A680.OPU 531.5 10 us 1/1 0 - 12 5.7 0.48

A680.OPU 531.5 10 us 1/2 12 - 20.5 3.0 0.35

(Q-48)



3.2-02 FOUNDATION CURTAIN GROUTING

Statistical Data

-Valley section
(station 3+85 to 7+00)

Holes With Cement Rates Higher Than 0.9Q- t/ f

'Hoes Zone/ Depth Cement Cer. Ratenumber Elev. Angle Stagre Interval Take CW CT / LF
A700.OPU 535 10 us 1/1 0 - 13 68.4 5.26
A700.0PU 535 10 us 2/1 24 - 64 22.0 0.55

(Q-49)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Valley Section

(station 3+85 to 7+00)

A Lite
(holes numbered A390.OSU to A700.OPU)

Zone I

Hole Number Drilling Cement Cement RateType of Hfoles Rock.(LF) Placed (CWT} (CWT / LF
Primary 16 337 149.5 0.44

Secondary 16 335.5 18.1 0.05

Tertiary 2 41 0.0 0.00

Total 34 713.5 167.6 0.23

Zone II

Hole Number Drilling Cement Cement RateType of Holes Rock (LF) Placed CWT) (CWT / L'F)
Primary 16 657 1,010.1 1.54
Secondary 11 410.5 68.7 0.17

Tertiary 6 366* 5.9 0.02

Total 33 1,433.5 1,084.7 0.75

A Line Total: Zone I & rI
Hole Number Drilling Cement Cement Rate
Type of Holes RockfLm Placed IT L

Primary 16 994 1,159.6 1.17

Secondary 16 746 86.8 0.12

Tertiary 8 407 5.9 0.01
Total 40 2,147 1,252.3 0.58
* Holes were drilled within a single stage from top of rock to

bottom of zone II.

(Q-50)



12-02 FOUNDATION CURTAIN-GROUTING

Statistical Data

Valley Section
(station 3+85 to 7+00)

B Line
(holes numbered B505.OPV to B685.OPV)

Hole Number Drilling Cement Cement Rateof Hole s Rock L_) Placed (CWT) (CWT / LF)

Primary 10 350 2.9 0.01
Secondary 10 350 0.0 0.00

Total 20 700 2.9 0.01

D Line
(holes numbered D495.OPV to D475.OPV)

Hole Number Drilling Cement Cement Rate2ype of Holes Rock LLF) Placed (CWT) (CWT / LF
Primary 10 350 45.5 0.13
Secondary 9 315 162.6 0.52

Tertiary 6 210 2.6 0.01
Total 25 875 210.7 0.24

E Line
(holes numbered E500.OPV to E640.OPV)

Hole Number Drilling Cement Cement Rate
Type Hlffe Rock (LF) Placed (CWTW.L LF.

Primary 8 280 183.8 0.65

Secondary 7 245 78.0 0.03
C gta 15 525 191.6 0.36

All holes in B, D and E lines were drilled to one zone at 35'
depth.
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12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Valley Section(station 3+85 to 7+00)

C Line
*right battered holes

(holes numbered C390.OPR to C650.OPR)

Zone I

Hole Number Drilling Cement Cement Rate

Tye of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 14 812.5 348.1 0.43

Secondary 13 759 15.5 0.02

Tertiary 8 502 2.3 0.01

Total 35 2,073.5 365.9 0.17

Zone II

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 14 392.5 256.7 0.65

Secodary 10 282 77.0* 0.27

Tertiary 2 174+ 3.4 0.02

Total 26 848.5 337.1 0.39

37.7 cwt of cement was placed within zone I at 15' depth while
grouting zone II.

+ Two tertiary holes were drilled in a single stage from the top
of rock to bottom of zone II.

(Q-52)
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12-02 TOUNDATION CURTAIN-GROUTING

Statistical Data

Valley Section
(station -3+85 to 7+00)

C Line
(oe left battered holes
(holes numbered C490.OPL to C698.2SL)

Zone I

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) Placed (CWT) (CWT / LF)

Primary 11 636 46.2 0.07

Secondary 11 634 113.8* 0.18*

Tertiary 2 106 0.0 0.00

Total 24 1,376 160.0 0.11

Zone II

Hole Number Drilling Cement Cement Rate
Type of Holes Rock LF) Placed (CWT) (CWT / LFI

Primary 11 305 23.6 0.08

Secondary 3 83 3.0 0.04

Total 14 388 26.6 0.06

Hole number C600.OSL, a secondary hole, was drilled and grouted
in the wrong sequence. This hole was grouted into an area that
was not previously grouted by primary holes. The grout take
for this hole, within zone I, was 106.4 cwt of cement.
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12-02 FOUNDATION- CURTAIN GROUMIG

Statistj6alDat&

Valley -Section

.(station 3+85 -to 7+00)'

C tine

C, left and right battered holes

Zone I

'Hole Number Drilling Cement Cement RateTvve of--1- Hoes Rck9F) Plcd Ct ) WTT 9H LF)
Primary 25 1,448.5 394.3 0.27
Secondary 24 1,393 129.3* 0.09

Tertiary 10 608 2.3 0.01
Total 59 3,449.5 525.9 0.15

Zone 11

Hole Number Drilling Cement Cement Rate
oye f Holes- Roc-k (U Placed (CWT) (CWT / L')

Primary 25 697.5 280.3 0.40

Secondary 13 365 80.0+ 0.21
Tertiary 2 174# 3.4 0.02
Total 40 1,236.5 363.7 0.29

*Hole number C600.OSL was drilled and grouted in the wrongsequence.

+ 37.7 cwt of cement was placed within the top 15' while grouting(zone I.

4 Two holes were drilled within a single stage from top of rockto bottom of zone II.
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12-02 FOUNDATION CURT4AN GROUTING

Statistical- Data

Valley Section
(station 3+85to 7+00)

C line Total:,Zones Ic& II
rightbattered holes

Hole Number Drilling Cement Cement Rate
Type of Holes Rock (LF) PlaceR (CWT) (CWT / LF)

Primary 14 1,205 604.8 0.50

Secondary 13 1,041 92.5 0.09

Tertiary 10 676 5.7 0.01

Total 37 2,922 703.0 0.24

C line Total: Zone I & II
left battered holes

Hole Number Drilling Cement Cement Rate
e of Holes Rock (LL) Placed (CWT) CWT / LF)

Primary 11 941 69.8 0.07

Secondary 11 717 116.8* 0.16

Tertiary 2 106 0.0 0.10

Total 24 1,764 186.6 0.10

C line Total: Zone I & II
left and right battered holes

Hole Number Drilling Cement Cement Rate
of Holes Rock (LF) Placed (CWT) (CWT / LIF

Primary 25 2,146 674.6 0.31

C Secondary 24 1,758 209.3 0.12

Tertiary 12 782 5.7 0.01

Totaj 61 4,686 889.6 0.19
* Hole number C600.OSL was drilled and grouted in the wrong

sequence (106.4 cwt).
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12-02 FOUNDATION CU~RAIN GROUTING

stitistical1 Data

ValleySection
(station 3+85 to 7+00)

Total For Valley Section

(9 Zone I & II
Grout Number Drilling CementCentae
Line Ceen HoeRocatePlcd(CT L!i~IF

A line 40 2,147 1,252.3 0.58
B line 20 700 2.9 0.01
C line 61 4,686 889.6 0.19
D line 25 876 210.7 0.24
E line 15 525 191.6 0.36
Total 161 8,933 2,547.1 0.28
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12-02 FOUNDATiON CuRTAIN GROUTING

StatisticalData
Left-Abutment

(station 7+00 to 10+00)

Foundation Characteristics

Station 7+00 to 8+30

*Surface Characteristics

Rock Type at Surface: ......... Thin interbedded sandstone,
shales and coal members.

Surface Elevations: ........... 535 to 571 (moderate relief)

Grout Lines: .................. A line: 13 holes
B line: 5 holes
C line: 17 holes

Grouting Characteristics

Zone I

Grout Take: .............. Low

Connections: ............. Occasional surface connections
to shaley bedding planes.

Zone II

Grout Take: .............. Very low

Connections: ............. None

Station 8+30 to 9+60

Surface Characteristics

Rock Type at Surface: .......... Massive sandstone (Homewood and
Coalburg members)

Surface Elevations: ........... 571 to 679 (high relief)

Grout Lines: .................. A line: 13 holes
C line: 23 holes

(Q-57)



12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Left Abutment
(station 7+00 to 10+00)

Station 8+30"to 9+60 (cont)

Grouting Characteristics

Zone I

Grout Take: ................ Low

Connections:. ............ Occasional surface connections
with bd. pns. and hi. ang. jts.

Other: ................... 8 additional holes were drill
to treat two hi. ang. jts.

Zone II

Grout Take: .............. Very low

Connections: ............. None

Station 9+60 to 10+00

Surface Characteristics

Rock Type at Surface: ......... Thin layer of sh. & sls.
(Lower Kittaning member)

Surface Elevations: ........... 679 to 681 (low relief)

Grout Lines ................... A line: 10 holes (incl. fan)
C line: 7 holes (including fan)

Grouting Characteristics

Zone I

( Grout Take: .............. Moderate

Connections: ............. Num. surf. conn. in sh. U/S of
CL., occ. hole conn. in fan.

Zone II

Grout Take: .............. Moderate

Connections: ............. Occ. hole conn. in fan area.
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12 02 FOUNDATION CURTAIN GROUTING

S-atisticl 
Data

-Left Abutment
(station 7+00 to 10+00) -_

o _Holes With Ceent Rates Hiher Tan .1
Hole 

Zone/ Depth Cement Celn. Rate
Number lt n SLto ne a CW DC705.9PL 539 30 It 1/1 0 - 28 93.9 3.35
C705.9pL 539 30 it 1/2 28 - 53 82.8 3.31
C712.8SL 544.5 30 it 1/2 30 - 56 8.2 0.31
C855.OPL 592.5 30 it 1/1 0 - 52 26.5 0.51
C884.OpL 611.5 30 it 2/1 52 - 77 46.7 1.87
A920.OPU 643 10 us 2/1 29 - 81 12.5 0.24
C985.OPL 680 30 It i/i 0 - 54 26.0 0.48
A994.OPUF 681 40 It 2/1 0 - 58 51.4 0.89
A990.OPUF 681 10 us 2/1 0 - 61 15.2 0.25
C997.OPLF 681 60 it 2/1 48 - 73 76.2 3.05

C
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12-02 FOUNDATION CURTAIN GROUTING

Statistical Data

Left-Abutment
(station 7-P0 to 10+00)

A Line
(holes numberedA7+1O.OPU to A996.0PUF)

Zone I
Hole Number Drilling Cement Cement Rate

Tye Of Holes Rock fLF Placed (CWT) (CWT-/ LF)
Primary 14 352 11.5 0.03
Secondary 14 340 8.6 0.03
Total 28 692 20.1 0.03

Zone II
Hole Number Drilling Cement Cement Rate

of Holes Rock (L)F Placed (CWT) (cwT / LF)
Primary 21 1,066* 96.6 0.09
Secondary 8 445+ 1.6 0.01
Total 29 1,511 98.2 0.06

A Line Total: Zone I & Zone II
Hole Number Drilling Cement Cement Rate
Tvoe of Holes Raqi- i Plced CwT (C ~uT/ )

Primary 21 1,418 108.1 0.08
Secondary 19 724 10.2 0.01
TLtal 40 2,142 118.3 0.06

Seven fan holes were drilled in one stage from top of rock to
bottom of zone II.

+ Five fan holes were drilled in one stage from top of rock tobottom of zone II.

(Q-60)



12-02 FGM DAT-1. a 7T1TAi GROU-PIG

Statistical Data

Left Abutzent(station 7-O0 to 10+00)

"C" LineC, left battered holes
(holes numbered C705.9PL to C997.0PLF)

Zone i
Hole Number Drilling Cerent Cerent RateTe of Holes Rock (LF) Placed (cw-ri-

Primary 22 1,151 279.0 0.24
Secondary 19 1,007 44.2 0.04
Tertiary 6 314 0.0 0.00
Total 47 2,472 323.2 0.13

Zone II
Hole Number Drilling Cement Cement Rateof Holes Roc Placed CWT) (CWT / LF

Primary 22 563 130.0 0.23
Secondary 3 *125 0.0 0.00
Total 25 688 130.0 0.18

C Line Total: Zone I & Zone II
Hole Number Drilling Cement Cement RateType of Holes Rock LF P ed WT, 1'21 LF

Primary 22 1,714 409.3 0.24

Secondary 20 1,132 44.2 0.04Tertiary 6 314 0.0 0.00
Total 48 3,160 453.2 0.14
* One fan hole was drilled in a single stage from top of rock to

the bottom of zone II.
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-12-02 F. G DA-O1
11 CURTATN GOuJTI!G

Statistical Data

Left Abutment(station 7+00 to 10+0)

B Line
(holes numbered B705.OPV to B735.0SV)

Zone I

Hole Number Drilling Cement Cement Rate
Tvne of Holes Rock (LF) Placed (C-W) (Cw-T / LF)

Primary 2 70 0.0 0.00

Secondary 2 70 5.7 0.08

Tertiary 1 10 0.0 0.00

Total 5 150 5.7 0.04

Total For Left Abutment
Grout Number Drilling Cement Cement Rate
Line of Holes Rock (LF) Placed (CWT) (CWT / LF)

A Line 40 2,142 118.3 0.06

B Line 5 150 5.7 0.04

C Line 48 3,160 453.2 0.14

Total for
Left
Abutment 93 5,452 577.2 0.11
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06/19/89
PRESSURE .F1OW AND GROUT TAKE FOR HOLE AND DEPTH RANGE SHOWN

HOLE RANGE: A134.OPUF - A996.OPUF
DEPTH RANGE: 0.0- *.

HOLE NO. INTERVAL, FT WATER CFM TAKE, CWT DATE PT DATE GR

---------- 2.0---- 0.14-- 0.00--- 02/26/88 NOT-REQ.

A134.OPUF 2.0-61.0 0.19 0.00 02/26/88 NOT REQ.
A136.OPUF 2.0-61.0 0.22 0.00 02/26/88 02/29/88

(A137.OPUF 2.0-62.0 0.22 0.00 02/26/88 02/29/88
A138.OPUF 2.0-62.0 0.05 0.00 02/26/88 NOT2REQ.
A138.OPUF 2.0-62.0 1.5 0.20 02/26/88 02/29/88
A140.OPUF 2.0-61.0 0.56 6.50 02/26/88 02/29/88

A150.OSU 2.0-21.0 0.32 0.90 02/17/88 02/19/88
A160.OPU 2.0-20.0 0.09 0.00 02/08/88 NOT REQ.
A170.OSU 2.0-29.0 0.04 0.00 02/17/88 NOT REQ.
A180.OPU 2.0-20.0 0.12 0.00 02/08/88 NOT REQ.
A180.OPL' 29.5-77.0 0.04 0.00 02/26/88 NOT REQ.
A190.OS' 2.0-29.0 0.08 0.00 02/17/88 NOT REQ.
A200.OPU 2.0-20.5 0.05 0.00 02/05/88 NOT REQ.
A200.OPU 20.5-76.0 0.14 0.00 02/26/88 NOT REQ.
A210.OSU 2.0-29.5 0.01 0.00 02/15/88 NOT REQ.
A220.0PU 2.0-29.5 0.01 0.00 02/05/88 NOT REQ.
A220.OPU 29.5-78.0 0.26 0.90 02/25/88 02/29/88
A230.OSU 2.0-21.0 0.01 0.00 02/15/88 NOT REQ.
A240-OPU 2.0-26.5 0.01 0.00 02/05/88 NOT REQ.
A240.OP' 26.5-80.0 0.39 1.00 02/25/88 02/29/88
A250.OSC 2.0-29.5 0.50 0.70 02/15/88 02/18/88
A260.OPU 2.0-26.5 0.01 0.00 02/05/88 NOT REQ.
A260.oPU 2.0-75.0 0.07 0.00 02/25/88 NOT REQ.
A270.OSU 2.0-21.0 0.62 1.30 02/15/88 02/18/88
A280.OPU 2.0-29.5 0.76 0.80 02/05/88 02/08/88
A280.OPU 2.0-82.0 0.04 0.00 02/25/88 NOT REQ.
A290.OSU 2.0-29.5 0.03 0.00 02/15/88 NOT REQ.
A300.OPU 29 - 71 0.07 0.00 10/21/87 NOT REQ.
A310.OSU 1.5-23.0 0.00 0.00 10/13/87 NOT REQ.
A320.OPU 1.5-23.5 0.20 0.00 10/08/87 NOT REQ.
A320.OPC 23.5 - 65 0.05 0.00 10/21/87 NOT REQ.
A330.OSU 1.5-20.5 0.73 0.03 10/13/87 10/14/87
A340.OPU 1.5-25.5 0.35 0.03 10/08/87 10/08/87
A340.OPU 25.5-70 0.04 0.00 10/21/87 NOT RlEQ.
A345.OTU 1.5-20.0 0.01 0.00 10/16/87 NOT REQ.
A350.OSU 1.5-22 1.31 15.60 10/13/87 10/13/87
A355.OT' 1.5-20.0 0.00 0.00 10/07/87 NOT REQ.
A360.OPU 1.5-25.0 0.20 3.86 10/08/87 10/09/87
A360.OPU 1.5-20.0 0.00 0.00 10/22/87 NOT REQ.
A370.OSU 1.5-21.0 0.26 0.04 10/13/87 10/13/87
A380.OPU 1.5-28.5 .0.01 0.00 10/08/87 NOT REQ.
A380.OPU 28.5-69 0.06 0.00 10/21/87 NOT REQ.
A390.OSU 1.5-20.5 0.02 0.00 10/12/87 NOT REQ.
A400.OPU 1.5-20.0 0.01 0.00 10/09/87 NOT REQ.
A400.OPU 20.5-64 0.04 0.00 10/15/87 NOT REQ.
A410.OSU 1.5-21.0 0.20 0.00 10/12/87 NOT REQ.
A420.OPU 1.5-20.5 0.13 0.00 10/07/87 NOT REQ.
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A430.OSU 1.5-24.0 0.16 0.00 10/12/87 NOT REQ.
A440.OPU 1.5-20.5 0.01 0.00 10/07/87
A440,.OPU 1.5-20.0 0.06 0.00 10/14/87 NOT REQ.
A450;0SU 2.0-20.5 0.00 0.00 10/12/87 NOT REQ.
A460.OPU 1.5-20.5 0.01 0.00 10/07/87 NOT REQ.
A460.OPU 20.5-61 0.24 0.22 10/14/87 10/15/87

A470.OSU 1.5-20.5 0.00 0.00 10/09/87 NOT REQ.
A480.OPU 1.5-20.5 0.00 0.00 10/07/97 NOT REQ.
A490.OSU 1.5-20.5 0.20 0.00 10/22/87 NOT REQ.
AS00.0PU 1.5-20.5 0.20 0.00 10/22/87 NOT REQ.
A500.OPU 20.5-61 0.20 0.00 10/23/87 NOT REQ.
A510.OSU 1.5-20.5 0.02 0.00 11/02/87 NOT REQ.
A510.OSU 20.5-64.0 0.03 0.00 11/24/87 NOT REQ.
A520.OPU 1.5-26.0 0.20 0.00 10/27/87 NOT REQ.
A525.OTU 0-61.0 0.16 0.80 12/07/87 12/07/87
A530.OSU 1.5-20.5 0.20 0.00, 11/02/87 NOT REQ.
A530.OSU 20.5-61 0.47 11.20 11/24/87 11/25/87
A535.OTU 0-61.0' 0.20 1.90 12/07/87 12/07/87
A540.OPU 1.5-20.5 0.02 0.00 10/27/87 NOT REQ.
A550.OSU 1.5-20.5 0.01 0.00 11/02/87 NOT REQ.
A550.OSU 20.5-61.0 0.29 1.10 12/01/87 12/01/87
A560.0PU 1.5-20.5 0.49 0.00 10/27/87 NO RECOR
A560.OSL 2.0-58.0 0.20 0.00 12/14/87 NOT REQ.
A565.0TU 2.0-20.5 0.08 0.00 11/09/87 NOT REQ.
A570.OSU 1.5-20.5 1.88 0.00 11/02/87 NO RECOR
A570.OSU 20.5-61.0 0.33 1.50 12/01/87 12/02/87
A575.OTU 2.0-20.5 0.20 0.00 11/09/87 NOT REQ.
A580.OPU 1.5-20.5 0.98 0.00 10/27/87 NO RECOR
A580.OPU 20.5-61.0 1.17 152.10 11/16/87 11/17/87
A590.OSU 1.5-20.5 0.41 0.00 11/13/87 NO RECOR
A590.OSU 20.5-61 0.20 1.98 12/01/87 12/02/87
A600.OPU 1.5-20.5 0.14 0.00 11/03/87 NOT REQ.
A610.OSU 0-20.5 0.53 0.00 11/16/87 NO RECOR
A610.OSU 20.5-64.0 0.20 1.86 12/01/87 12/02/87
A620.OPU 1.5-20.5 0.35 0.00 11/03/87 NO RECOR
A630.OSU 0-20.5 0.20 0.00 11/16/87 NOT REQ.
A630.OSU 20.5-61 0.29 0.00 12/15/87 NO RECOR
A640.0 PU 20.5-61.0 0.30 0.00 11/23/87 NO RECOR
A640.OPU 1.5-20.5 3.50 0.00 11/03/87 NO RECOR
A645.OTU 20'-61.0 0.20 0.56 12/07/87 12/08/87
A650.OSU 0-20.5 0.20 0.00 11/16/87 NOT REQ.
A650.OSU 20.5-61 1.60 22.80 12/01/87 12/02/87
A655.OTU 20.0-61.0 0.04 0.88 12/07/87 12/08/87
A660.0 PU 1.5-20.0 0.20 14.99 10/07/87 11/05/87
A670.OSU 0-20.5 0.69 0.00 11/16/87 NO RECOR
A670.OSU 20.5-61.0 1.78 21.20 12/01/87 12/02/87
A675.OTU 20'-61.0 0.03 0.26 12/07/87 12/08/87
A680.OPU 1.5-12.0 1.31 0.00 11/03/87 NO RECOR
A680.OPU 12-20.5 0.68 0.00 11/12/87 NO RECOR
A690.OSU 0.0-24.0 0.18 0.00 11/16/87 NOT REQ.
A690.OSU 24-64.0 0.33 2.37 12/10/87 12/11/87
A700.OPU 1.5-13.0 1.89 0.00 11/03/87 NO RECOR
A700.OPU 1.5-20.0 0.20 0.00 11/12/87 NOT REQ.
A700.OPU 24'-64.0' 0.51 0.00 12/08/87 NO RECOR
A710.OSU 0-29.0 0.00 0.00 11/18/87 NOT REQ.
A710.OSU 29-70.0 0.02 0.00 12/11/87 NOT REQ.
A720.OPU 1.5-20.0 0.20 0.00 10/07/87 NOT REQ.
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A730.OSU 0-20.5 0.04 0.00 11/18/87 NOT REQ.
A740.OPU 1.5-22.0 0.20 0.00 11/12/87 NOT REQ.
A750.OSU 0.0-27.0 0.02 0.00 11/18/87 NOT REQ.
A760.OPU 1.5-20.5 0.20 0.00 11/13/87 NOT REQ.
A770.OSU 0-20.5 0.01 0.00 11/18/87 NOT REQ.
A780.OPU -1.5-23.0 0.20 3.62 10/12/87 11/13/87
A780.OPU 2 1.5-23.0 0.20 0.00 10/12/87 NOT REQ.
A790.OSU 0.0-20.5 0.06 0.00 11/18/87 NOT REQ.
A800.OPU 1.5-20.5 0.05 0.00 11/13/87 NOT REQ.
A810.OSU 2.0-20.5- 0.07 0.00 03/22/88 NOT REQ.
A820.OPU 2.0-27.0 1.73 1.80 03/14/88 03/17/88

U A830.OSU 2.0-21.0 0.20 0.00 03/22/88 NOT REQ.
A840.OPU 2.0-29.0 0.12 0.00 03/14/88 NOT REQ.
A850.0 SU 2.0-27.0 0.07 0.00 03/23/88 NOT REQ.
A860.OPU 2.0-27.0 0.30 0.90 03/16/88 03/17,/88
A870.0 SU 2.0-26.0 0.52 3.20 03/23/88 03/23/88
A880.OPU 2.0-24.0 0.05 0.00 03/16/88 NOT REQ.
A890.0 SU 2.0-29.0 0.11 0.00 03/23/88 NOT REQ.
A900.OPU 2.0-29.0 0.02 0.00 03/17/88 NOT REQ.
A910.0 SU 2.0-24.0 0.06 0.00 03/23/88 NOT REQ.
A910.0 SU 24.0-80.0 0.16 0.00 04/04/88 NOT REQ.
A920.OPU 2.0-29.0 0.16 0.00 03/17/88 NOT REQ.
A930.0 SU 2.0-25.0 0.69 4.00 03/23/88 02/23/88
A930.0 SU 25.0-77.0 0.14 0.00 04/04/88 NOT REQ.
A940.OPU 2.0-29.0 0.09 0.00 03/17/88 NOT REQ.
A940,0PC 7.0-80.0 0.49 1.20 03/30/88 03/30/88
A950.0 SU 2.0-29.0 0.29 1.40 03/23/88 03/24/88
A960.OPU 2.0-28.0 0.70 2.60 03/18/88 03/18/88
A970.0 SU 2.0-20.0 0.13 0.00 03/23/88 NOT REQ.
A980.OPU 2.0-21.0 1.16 2.60 03/18/88 03/18/88
A985.OSU 7.0-61.0 0.05 0.00 04/05/88 NOT REQ.
A990.OPUF 7.0-61.0 0.40 15.20 03/30/88 03/30/88
A990.5SUF 7.0-61.0 0.10 0.00 04/05/88 NOT REQ.
A991.OPUF 7.0-61.0 0.51 0.00 03/30/88 NO RECOR
A992.OPUF 7.0-60.0 0.34 0.00 03/30/88 NO RECOR
A993.0PUF 1.5-20.0 0.57 0.00 10/07/87 NO RECOR
A993.5SUF 7.0-59.0 0.42 1.10 04/05/88 04/05/88
A994.OPUF 7.0-58.0 0.56 51.40 03/30/88 04/01/88
A994.5SUF 7.0-58.0 0.16 0.00 04/05/88 NOT REQ.
A995.OPUF 7.0-57.0 0.80 9.40 03/30/88 04/01/88
A995.5SUF 7.0-57.0 0.23 0.50 04/04/88 04/05/88
A996.OPUF 7.0-56.0 0.87 5.50 03/30/88 04/01/88
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06119/89
PRESSLRE PLOT AND GM01T TA=-- FOR HOLE AND DEPll RA.GE SHOuN

HOLE RANGE, S315.0 P - B735.0 SV

DEPTH RAGE: 0.0- 3

HOLE NO. INTERVAL, FT WATER CFM TAEE, CkV DATE PT DATE GE

B315.0 PV 1.5-30.0 0.01 0.00 10/27/87 NOT REQ.
B355.0 PU 1.5-30.0 0.28 0.16 10/27/87 10/29/87
B375.0 PV 1.5-30.0 0.66 0.51 10/27/87 10/29/87
B505.0 PV 2.0-35.0 0.20 0.00 12/07/87 NOT REQ.
8515.0 SV 2.0-35.0 0.02 0.00 12/18/87 NOT REQ.
8525.0 PV 2.0-35.0 0.20 0.00 12/14/87 NOT REQ.
B545.0 PV -2.0-35.0 0.01 0.00 12/17/87 NOT REQ.
B555.0 SV 2.0-35.0 0.03 0.00" 12/18/87 NOT REQ.
B565.0 PV 2.0-35.0 0.12 0.20 12/17/87 12/18/87
B575.0 SV 2.0-35.0 0.04 0.00 12/22/87 NOT REQ.
B585.0 PV 2.0-35.0 0.24 1.80 12/18/87 12/18/87
B595.0 SV 2.0-35.0 0.20 0.00 12/21/87 NOT REQ.
B605.0 PV 2.0-35.0 0.11 0.00 12/21/87 NOT REQ.
B615.OSV 2.0-35.0 0.10 0.00 01/04/88 NOT REQ.
B625.0 PV 2.0-35.0 0.40 0.09 12/27/87 12/21/87
B635.OSV 2.0-35.0 0.09 0.00 01/04/88 NOT REQ.
B645.0 PV 2.0-35.0 0.06 0.00 12/21/87 NOT REQ.
B655.0 SV 2.0-35.0 0.03 0.00 12/21/87 NOT REQ.
B665.0 PV 2.0-35.0 0.05 0.00 12/18/87 NOT REQ.
8675.0 SV 2.0-35.0 0.01 0.00 12/21/87 NOT REQ.
B685.0 PV 2.0-35.0 0.00 0.00 12/10/87 NOT REQ.
B705.0 PV 2.0-35.0 0.03 0.00 12/21/87 NOT REQ.
B715.0 SV 2.0-35.0 1.77 5.70 12/21/87 12/21/87
B720.0 TV 1.0-10.0 0.04 0.00 01/15/88 NOT REQ.
B725.0 PV 2.0-35.0 0.02 0.00 12/18/87 NOT REQ.
B735.0 SV 2.0-35.0 0.03 0.00 12/21/87 NOT REQ.
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ItES--EFW N RU TAKE___:____HOLE 06/29/89
RESSRE P A.ND GROUT T,.EE POP. HOLE AnD DEPTH RANGE SHOWN

HOLE RANGE: C120.0PRF - C997.OPLF
DEP ' = NCGE: 0.0- t*.:

HOLE NO. I'I7ERVAL, Fr WATER CI7TAKE, CWT DATE PTi DATE GR

C120.OPRF 2.0-12.0 1.84 19-70 02/10/88 02/11/88
C120.OPRF 12.0-50.0 0.15 0.00 02/11/88 NOT REQ.
C120.5SRF 2.0-50.0 0.05 0.00 02/22/88 NOT REQ.
C121.0PRF 1.5-20.0 1.85 0.40 10/107/87 02/11/88
C121.0PF 22.0-50.0 0.13 0.00 02/17/88 NOT REQ.
C122.OPRF 2.0-37.0 1.93 4.10 02/10/88 08/11/88
C122.OPRF 37.0-50.0 0.06 0.00 02/17/88 NOT REQ.
C125.OR 2.0-50.0 0.09 0.00 02/22/88 NOT REQ.
C128.OPR 2.0-51.0 1.83 81.90 02/10/88 02/1188
C138O.SR 2.0-53.0 0.49 3.40 02/17/88 02/19/88
C148.OPR 2.0-55.0 0.66 22.40 02/10/88 02/10/88
C158.0R 2.0-55.0 0.34 3.80 02/17/88 02/19/88
C167.0PR 2.0-51.0 0.06 0.00 02/08/88 NOT REQ.
C167.0PR 51.0-81.0 0.1 0.00 02/26/88 NOT REQ.
C174.3PR 2.0-52.0 1.27 3.30 02/17/88 02/19/ 8
C181.OPR 2.0-50.0 0.02 0.00 02/08/88 NOT REQ.
C181.OPR 52.0-78.0 0.20 1.10 02/26/88 02/129/88
C187.38R 2.0-52.0 0.08 0.00 02/17/88 NOT REQ.
C193.8PR 2.0-51.0 0.05 0.00 02/05/88 NOT REQ.
C193.8PR 51.0-76.0 0.13 0.00 02/26/88 NOT REQ.
C197.0TR 2.0-50.0 0.06 0.00 02/22/88 NOT REQ.
C201.28R 2.0-51.0 1.76 13.30 02/16/88 02/19/88
C206.OTR 2.0-53.0 0.12 0.00 02/22/88 NOT REQ.
C220.3PR 2.0-53.0 0.05 0.00 02/05/88 NOT REQ.
C210.3PR 53.-79.0 0.17 0.00 02/26/88 NOT REQ.
C216.78R 2.0-53.0 0.05 0.00 02/16/88 NOT REQ.
C223.0PR 2.0-52.0 0.04 0.00 02/05/88 NOT REQ.
C223.OPR 2.0-77.0 0.09 0.00 02/25/88 NOT REQ.
C229.38R 2.0-53.0 0.06 0.00 02/16/88 NOT REQ.
C238.4PR 2.0-53.0 1.25 7.30 02/05/88 02/09/88
C238.0PR 2.0-78.0 0.09 0.00 02/25/88 NOT REQ.
C246.5SR 2.0-53.0 0.04 0.00 02/16/88 NOT REQ.
C252.0PR 2.0-52.0 0.09 0.00 02/05/88 NOT REQ.
C252.PR 2.0-78.0 0.03 0.00 02/25/88 NOT REQ.
C258.48R 2.0-53.0 0.I0 0.00 02/16/88 NOT REQ.
C264.6PR 2.0-60.0 1.46 82.70 02/05/88 02/09/88
C273.58R 2.0-53.0 0.04 0.00 02/17/88 NOT REQ.
C281.5PR 2.0-52.0 1.73 65.70 02/05/88 02/08/88
C281.5PR 2.0-78.0 0.10 0.00 02/25/88 NOT REQ.
C285.0TR 2.0-52.0 0.03 0.00 02/22/88 NOT REQ.

C287.8SR 2.0-52.0 0.61 5.20 02/15/88 02/18/87
C291.OTR 2.0-52.0 0.08 0.00 02/22/88 NOT REQ.
C294.2PR 2.0-52.0 1.81 8.80 02/05/88 02/08/88
C294.2PR 2.0-78.0 0.03 0,00 02/25/88 NOT REQ.
C301.0SR 1.0-15.0 1.95 2,20 02/15/88 02/18/88
C301.OSR 15.0-53.0 0.06 0,00 02/22/88 NOT REQ.

C308.7PR 1.5-6.3 1.75 85.31 10/08/87 10/10/87
C308.7PR 52-77 0.12 0.00 10/21/87 NOT REQ.
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C316.2SR 1.5-54.0 0.41 0.62 10/13/87 10/14/87C323.0PR 1.5-50.0 1.02 13.88 10/08/87 10/10/87C323.OPR 50-75 0.20 0.00 10/21/87 NOT REQ.C327.5TR 1.5-52.0 0.04 0.00 10/16/87 NOT REQ.C332.55R 1.-4.0 1.80 26.27 10/13/87 10/14/E7C337.OTR 1.5-53.0 0.15 0.00 10/16/87 NOT REQ.C341.5PR 1.5-20.0 0.02 0.00 10/12/87 NOT REQ.C341.5PR 55-80 0.09 0.00 10/21/87 NOT REQ.C345.5TR 1.5-51.0 0.01 0.00 10/16/87 NOT REQ.C349.5SR 1.5-52.0 1.47 7.66 10/13/87 10/14/87C354.5TR 1.5-54 1.33 2.20 10/16/87 10/19/87
C358.5PR 1.5-54.0 0.23 0.31 10/08/87 10/09/87C358.SPR 54-79.0 0.20 0.00 10/21/87 NOT REQ.
C360.OQR 1.5-15.0 0.00 0.00 10/20/87 NOT REQ.C361.5TR 1.5-51.0 0.85 0.00 10/16/87 10/19/87
C363.0QR 1.5-15.0 0.00 0.00 10/20/87 NOT REQ.C365.OsR 1.5-50.0 0.57 4.09 10/13/87 10/13/87C370.OTR 1.5-52.0 0.24 0.31 10/16/87 10/19/87C374.5PR 1.5-54.5 1.21 7.15 10/08/87 10/08/87C374.5PR 54.5-79 0.03 0.00 10/21/87 NOT REQ.C382.OSR 1.5-53.0 0.12 0.00 10/13/87 NOT REQ.C390.OPR 1.5-52.5 0.02 0.00 10/09/87 NOT REQ.C390.OPR 52.5-77 0.04 0.00 10/15/87 NOT REQ.C400.OSR 1.5-56.0 0.05 0.00 10/12/87 NOT REQ.C410.OPR 1.5-55.3 3.02 0.00 10/07/87 10/08/87C410.OPR 55.5-82.0 0.02 0.00 10/15/87 NOT REQ.C420.OSR 1.5-54.0 0.20 0.00 10/12/87 NOT REQ.C430.OPR 1.5-58.0 2.42 10.49 10/07/87 10/08/87C430.OPR 57 - 82 0.00 0.07 10/15/87 10/15/87C440.0SR 2.0-53.0 0.01 0.00 10/12/87 NOT REQ.C440.OSR 53 - 81 0.20 0.00 10/19/87 NOT REQ.C450,OPR 1.5-57.5 0.02 0.00 10/07/87 NOT REQ.C450.OPR 1.5-20.0 0.07 0.00 10/14/87 10/15/87C460.OSR 1.5-56.5 0.08 0.00 10/09/87 NOT REQ.C460.OSR 56.5 - 85 0.20 0.00 10/19/87 NOT REQ.C470.OPR 1.5-57.5 0.93 0.00 10/07/87 10/07/87C470.OPR 56.5-85 0.28 0.00 10/14/87 i0/15/87C480.OSR 1.5-56.5 0.09 0.00 10/09/87 NOT REQ.C480.OSR 56.5 - 85 0.51 3.73 10/19/87 10/19/87C490.OPL 2.0-64.0 0.04 0.00 12/09/87 NOT REQ.C490.OPR 1.5-57.5 1.80 3.73 10/07/87 10/07/87C490.OPR 56.5 - 85 0.85 81.39 10/14/87 10/15/87CS00O.SL 2.0-64.0 0.01 0.00 12/09/87 NOT REQ.C500.OSR 1.5-57.0 0.02 0.00 10/22/87 NOT REQ.C500.OSR 57-85.0 0.06 0.00 11/24/87 NOT REQ.C510.OPL 2.0-64.0 0.01 0.00 12/09/87 NOT REQ.C510.OPR 1.5-57.0 0.05 0.00 10/22/87 NOT REQ.C510.0PR 57.0-86.0 1.51 0.00 10/23/87 NO RECORC520.OSL 2.0-64.0 0.04 0.00 12/09/87 NOT REQ.C520.OSR 1.5-57.0 0.01 0.00 11/02/87 NOT REQ.C520.OSR 57-86.0 0.02 0.00 11/24/87 NOT REQ.C530.OPL 2.0-58.0 0.20 0.00 12/09/87 NOT REQ.C530.OPR 1.5-52.0 0.14 0.00 10/27/87 NOT REQ.C540.OSL 2.0-58.0 0.02 0.00 12/14/87 NOT REQ.C540.OSR 1.5-56.0 0.03 0.00 11/02/87 NOT REQ.C540.SR 56-81.0 0.11 3.10 12/01/87 12/01/87C550.OPL 58-87.0 0.21 1.00 12/16/87 12/15/87
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C550.OPR 80-84.0 0.20 0.00 11/16/87 NOT REQ.
C550.OPR 1 1.5-57.0 1.16 0.00 10"27/87 NO RECORC550.OPR 2 1.5-57.0 0.96 0.00 10/27/87 NO RECOR
C555.OTR 0-87.0 0.20 1.40 12/07/87 12/07/87
C550.0SR 1.5-58.0 0.24 0.00 11/02/87 NO RECOR
C565.OTR 20'-87.0 0.20 2.00 12/07/87 12/07/87
C570.OPL 58.0-84.0 0.18 0.60 12/16/87 12/16/87
C570.OPR 1.5-58.0 10.10 0.00 10/27/87 NO RECOR
C570.OPR 2 1.5:58.0 1.01 0.00 10/27/87 NO RECOR
C575.0 TR 0-58.0 0.00 0.00 12/07/87 NOT REQ.
C580.0 SR 58-87.0 0.40 37.68 12/01/87 12/02/87
C580.OSL 2.0-56.0 0.09 0.00 12/14/87 NOT REQ.
C580.OSR 1.5-58.0 0.12 0.00 11/13/87 NOT REQ.C585.0 TR 0.0-58.0 0.20 0.00 12/07/87 NOT REQ.
C590.OPL 2.0-52.0 0.07 1.60 12/10/87 12/10/87
C590.OPR 1.5-58.0 1.52 0.00 11/02/87 NO RECOR
C590.OPR 58-87.0 0.21 1.60 11/23/87 11/23/87
C595.OTL 0.0-51.0 0.01 0.00 12/15/87 NOT REQ.
C595.OTR 0 - 59' 0.04 0.00 11/20/87 NOT REQ.
C600.OSL 0.0-55.0 0.04 0.00 11/16/87 NOT REQ.
C600.OSL 55.0-82.0 0.50 1.80 12/18/87 12/18/87
C600.OSL 1 0.0-05.0 1.85 0.00 11/16/87 NO RECOR
C600.OSL 2 0.0-55.0 1.62 0.00 11/16/87 NO RECOR
C600.OSL 3 2.0-55.0 0.04 0.00 11/19/87 NOT REQ.
C600.OSR 0-65 0.89 0.00 11/16/87 NO RECOR
C600.OSR 1 0-65' 0.89 12.80 11/16/87 11/18/87
C600.OSR 2 2-63.0' 0.02 0.00 11/19/87 NOT REQ.
CG05.0TL 2.0-55.0 0.02 0.00 12/15/87 NOT REQ.
C605.OTR 2' - 64 0.06 0.00 11/20/87 NOT REQ.
C610.OPL 2.0-55.0 0.01 15.10 12/10/87 12/11/87
C610.OPR 1.5-64.0 0.69 0.00 11/03/87 NO RECOR
C610.0PR 1 1.5-64.0 0.84 0.00 11/03/87 NO RECOR
C610.OPR 2 1.5-64.0 0.69 0.00 11/03/87 NO RECOR
C615.OTR 2' - 65' 0.09 0.00 11/20/87 NOT REQ.
C620.OSL 2.0-55.0 0.20 0.00 12/15/87 NOT REQ.
C620.OSL 55.0-83.0 0.13 0.60 12/18/87 12/18/87
C620.OSR 2.0-65.0 0.48 0.00 11/19/87 NO RECOR
C620.OSR 1 2-65.0' 0.20 0.40 11/19/87 11/18/87
C620.OSR 2 0-65.0' 0.48 0.00 11/16/87 NO RECOR
C625.0 TR 2'-66.0 0.20 0.00 11/20/87 11/20/87
C630.OPL 2.0-55.0 0.02 0.00 12/10/87 NOT REQ.
C630.OPR 1.5-66.0 1.58 0.00 11/03/87 NO RECOR
C635.0 TR 2-67.0 0.01 0.20 11/20/87 11/20/87
C640.0 SR 66.0-97.0 0.28 0.00 12/07/87 NO RECOR
C640.0L 2.0-56.0 0.01 0.60 12/15/87 12/18/87
C640.OSL 56.0-84.0 0.23 0.00 12/18/87 NO RECOR
C640.OSR 2.0-66.0 1.17 0.00 11/19/87 NO RECOR
C640.OSR 1 0 - 66.0 1.17 1.80 11/16/87 11/18/87
C640.OSR 2 2-66.0 0.01 0.00 11/19/87 NOT REQ.
C645.0 TR 2-65.0 0.16 0.90 11/20/87 11/20/87
C650.OPL 2.0-57.0 0.03 149.20 12/10/87 12/11/87
C650.OPR 1.5-17.0 2.33 0.00 11/03/87 NO RECOR
G650.OPR 17-62.0 0.54 0.00 11/12/87 NO RECOR
C660.OSL 0.0-57.0 0.27 0.00 11/16/87 NO RECOR
C670.OPL 1.5-15.0 3.05 0.00 11/03/87 NO RECOR
C680.OSL 0.0-57.0 0.42 0.00 11/16/87 NO RECOR
C680.OSL 1 0.0-57.0 0.53 0.00 11/16/87 NO RECOR
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C680.OSL 2 -0.0-57.0 0.42 0.00 11/16/87"NO RECOR
C688.3PL 1.5-13.06 2.15 0.00 11/03/87 NO RECOR
C698.2SL 0.0-54.0 0.26 0.00 11/16/87 NO RECOR
C705.9"PL 28-53.0 0.82 82.78 11/12/87 11/12/87
C705.9PL 1.5-28.0 1.74 0,00 11/03/87 NO RECOR
C705.9PL 1 1.5-28.0 1.45 0.00 11/03/87 NO RECOR
C705.9PL 2 1.5-28.0 1.74 0.00 11/07/87 NO RECOR
C709.0 TL 0-50.0 0.00 0.00 12/01/87 NOT REQ.
C712.8SL 2.0-30.0 1.54 8.20 11/16/87 11/20/87
C722.OPL 1.5-56.0. 0.88 0.00 11/12/87 NO RECOR
C732.OSL 2.0-53.0 0.52 0.00 11/16/87 NO RECOR

( C740.5PL 1.5-51.0 0.50 0.00 11/13/87 NO RECOR
C746.8 SL 0.0-54.0 0.10 0.00 11/18/87 NOT REQ.
C755.OPL 1.5-56.0 0.28 0.00 11/13/87 NO RECOR
C764.7 SL 2.0-54.0 0.02 0.00 11/18/87 NOT REQ.
C774.7PL 1.5-52.0 0.02 0.00 11/13/87 NOT REQ.
C782.5 SL 2.0-56.0 0.02 0.00 11/18/87 NOT REQ.
C791.8PL 1.5-57.0 0.46 0.00 11/13/87 NO RECOR
C801.6 SL 2.0-54.0 0.01 0.00 11/18/87 NOT REQ.
C811.8PL 50.0-75.0 0.11 0.00 12/03/87 NOT REQ.
C818.1SL 2.0-54.0 0.30 1.40 03/22/88 03/22/88
C827.6 PL 2.0-51.0 0.43 0.00 03/14/88 NO RECOR
C827.6PL 7.0-76.0 0.70 0.90 03/29/88 03/30/88
C831.5 TL 2.0-51.0 0.16 0.00 03/24/88 NOT REQ.
C834-5SL 2.0-51.0 3.13 8.10 03/22/88 03/22/88
C838.0 TL 2.0-52.0 0.03 0.00 03/24/88 NOT REQ.
C841.OPL 2.0-52.0 0.27 0.50 03/14/88 03/17/88
C847.1 SL 2.0-52.0 0.07 0.00 03/23/88 NOT REQ.
C855.OPL 2.0-52.0 0.86 26.50 03/16/88 03/17/88
C858.5 TL 2.0-51.0 0.13 0.00 03/24/88 NOT REQ.
C862.0 SL 2.0-52.0 0.40 9.40 03/23/88 03/23/88
C865.0 TL 2.0-52.0 0.15 0.00 03/24/88 NOT REQ.
C868.5PL 2.0-53.0 0.67 1.70 03/16/88 03/17/88
C878.0 SL 2.0-51.0 0.24 0.60 03/23/88 03/23/88
C878.0 SL 51.0-76.0 0.04 0.00 04/04/88 NOT REQ.
C884.0 PL 2.0-54.0 0.48 0.00 03/17/88 NO RECOR
C884.OPL 7.0-77.0 0.64 46.70 03/29/88 03/30/88
C889.7 SL 2.0-52.0 0.30 0.40 03/23/88 03/23/88
C889.7 SL 52.0-78.0 0.18 0.00 04/04/88 NOT REQ.
C896.OPL 2.0-52.0 0.07 0.00 03/17/88 NOT REQ.
C903.0 SL 2.0-52.0 0.04 0.00 03/23/88 NOT REQ.
C911.OPL 2.0-51.0 0.08 0.00 03/17/88 NOT REQ.
C917.3 SL 2.0-52.0 0.40 1.20 03/23/88 03/23/88
C923.9PL 2.0-52.0 2.38 3.30 03/17/88 03/18/88
C931.3 SL 2.0-51.0 0.04 0.00 03/23/88 NOT REQ.
C937.5PL 2.0-52.0 1.24 3.40 03/17/88 03/18/88
C943.7 SL 2.0-52.0 0.11 0.00 03/23/88 NOT REQ.
C950.OPL 2.0-52.0 0.18 0.00 03/17/88 NOT REQ.
C956.0 SL 2.0-53.0 0.38 3.70 03/23/88 03/23/88
C965.OPL 2.0-56.0 2.40 0.70 03/18/88 03/31/88
C975.0 SL 2.0-56.0 1.06 5.70 03/24/88 03/24/88
C985.OPL 2.0-54.0 2.52 26.00 03/18/88 03/18/88
C995.OPLF 25.0-50.0 0.16 0.00 03/21/88 NOT REQ.
C996.OPLF 7.0-74.0 0.26 0.80 03/30/88 03/31/88
C996.5SLF 2.0-74.0 0.19 0.00 04/04/88 NOT REQ.
C997.OPLF 7.0-73.0 0.70 76.20 03/30/88 03/31/88
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PRESSURE FLOW AND GROUT TAKE FOR HOLE AND DEPTH RANGE SHOWN

HOLE RANGE: D495.OPV - D675.OPV
DEPTH RANGE: 0.0- $.

HOLE NO. INTERVAL, FT WATER CFM TAKE, CWT DATE PT DATE GR

D495.OPV 2.0-35.0 0.04 0.00 12/21/87 NOT REQ.
D505.OSV 2.0-35.0 0.18 0.00 12/22/87 01/12/88
D515.OPV 2.0-35.0 0.20 0.00 12/21/87 NOT REQ.

* (D525.OSV 1.5-35.0 0.09 0.20 12/22/87 01/12/88
D535.OPV 2.0-35.0 0.04 0.00 12/22/87 NOT REQ.
D545.OSV 1.5-35.0 2.00 0.50 12/22/87 01/12/88
D555.OPV 2.0-35.0 0.18 14.60 12/22/87 01/12/88
D565.OSV 2.0-35.0 0.20 0.00 01/14/88 NOT REQ.
D575.OPV 2.0-35.0 0.40 0.10 12/22/88 01/12/88
D580.OTV 2.0-35.0 0.20 0.00 01/18/88 NOT REQ.
D585.OSV 2.0-35.0 0.95 23.40 01/14/88 01/14/88
D590.OTV 2.0-35.0 0.04 0.00 01/18/88 NOT REQ.
D595.OPV 2.0-35.0 1.62 8.70 12/22/87 01/12/88
D600.OTV 2.0-35.0 0.31 0.30 01/18/88 01/19/88
D605.OSV 2.0-20.0 1.76 87.00 01/14/88 01/14/88
D605.OSV 20.0-35.0 0.05 0.00 01/18/88 NOT REQ.
D610.OTV 2.0-35.0 0.16 2.30 01/18/88 10/10/87
D615.OPV 2.0-35.0 0.11 0.00 01/04/88 NOT REQ.
D620.OTV 2.0-35.0 0.01 0.00 01/18/88 NOT REQ.
D625.OSV 2.0-17.0 1.40 51.50 01/04/88 01/11/88
D625.OSV 17.0-35.0 0.20 0.00 01/14/88 NOT REQ.
D630.OTV 2.0-35.0 0.03 0.00 01/18/88 NOT REQ.
D635.OPV 2.0-35.0 0.07 0.00 01/18/88 NOT REQ.
D645.OSV 2.0-35.0 0.12 0.00 01/20/88 NOT REQ.
D655.OPV 2.0-35.0 0.56 22.10 01/18/88 01/19/88
D665.OSV 2.0-35 0 0.08 0.00 01/20/88 NOT REQ.
D675.OPV 2.0-35.0 0.20 0.00 01/18/88 NOT REQ.

C
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06/19/89

PRESSURE FLOW AND GROUT TAKE FOR HOLE AND DEPTH RANGE SHOWN
HOLE RANGE: E500.OPV - E64b0.oPV

DEPTH RANGE: 0.0- s*.*

HOLE NO. INTERVAL, FT WATER CFM TAKE, CWT DATE PT DATE GR
-----------------------------------------------------------

E5OO.OPV 2.0-35.0 0.06 0.00 12/22/87 NOT REQ.E510.0sv 2.0-35.0 0.03 0.00 12/22/87 NOT REQ.E520.OPV 2.0-35.0 0.01 0.00 12/22/87 NOT REQ.E530.OSV 2.0-30.0 0.03 0.00 01/11/88 NOT REQ.E540.OPV 2.0-35.0 0.02 0.00 01/05/88 NOT REQ.E550.OSV 2.0-30.0 0.11 0.00 01/11/88 NOT REQ.E560.OPV 2.0-35.0 0.14 0.00 01/05/88 NOT REQ,E570.OSV 2.0-30.0 0.16 0.00 01/11/88 NOT REQ.E580.OPV 2.0-35.0 0.16 0.00 01/05/88 NOT REQ.E590.OSV 2.0-35.0 0.01 0.00 01/15/88 NOT REQ.E600.OPV 2.0-10.0 3.62 43.90 01/05/88 01/06/88E600.OPV 10.0-35.0 1.23 118.50 01/13/88 01/13/88E610.OSV 2.0-35.00 0.27 3.40 01/15/88 01/15/88E620.0PV 2.0-35.0 1.91 1.60 01/05/88 01/18/88E630.OSV 2.0-35.0 0.44 4.40 01/13/88 01/13/88E640.OPV 2.0-35.0 0.44 19.80 01/05/88 01/11/87
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12-02 FOUNDATION CURTAIN GROUTING

Additional Foundation Grouting

GENERAL

Additional foundation grouting was needed in the dam site to
more extensively treat features not adequately covered by the
designed parallel lines of the curtain grouting. The features
treated by these additional holes included joints, bedding
planes and dental concrete. A description of the holes include:
shallow drill depth (5' to 10,), single zoned, drilled at varying
angles, embedded nipples not required, split spacing not
required, low grouting pressure used (4 to 7 psi), numerous
surface and hole connections, and grout/circulate/caulk cycles
used to treat surface connections.

LOCATION AND DESCRIPTION

Contact Grouting:,

Feature: ................. Contact grouting dental concrete.
Description:.............. Overhangs within a broken zone

were marked and located before the
placement of dental concrete, the
grout holes were then drilled
through the concrete to intersect
these overhangs.

Location: ................ Station 6+00 to 5+80, elevation
522.

Drilling:
Number: ............. 21 holes
Depth: .............. 5 feet
Angle: .............. 30 degrees toward the rock slope

Pressure Testing: ........ None
Grouting:

Date:................ 1-21-88, 1-22-88 and 1-25-88
Mix: ................ 4:1, 3:1, 2:1, 1.5:1, 1:1
Pressure: ........... 4 psi
Grout Take: ......... Total of 76.9 cwt of cement

Pressure Tested Holes:
Feature: ................. An open bedding plane and a high

angle, open, joint.
Description: ............. A series of holes were drilled to

determine the water tightness of
an open bedding plane. After the
discovery of a high angle joint,
excessive surface connections, and
high water flow it was determined
to remove this loose rock instead
of attempting to grout.

Location: ................. Station 4+50 to 5+10, elevation
526 to 529.
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12-02 FOUNDATION CURTAIN GROUTING

Additional Foundation Grouting

LOCATION AND DESCRIPTION (cont)

Pressure Tested Holes (cont)
Drilling:

Number: ............. 7 holes
Depth: .............. 9 feet
Angle: .............. Vertical
Location: ........... (1) sta. 4+50, 25' D/S

(2) sta. 4+65, 30' D/S
(3) sta. 4+80, 30' D/S
(4) sta. 4+95, 35' D/S
(5) sta. 5+10, 35' D/S
(6) sta. 5+10, 50' D/S
(7) sta. 5+10, 70' D/S

Pressure Testing:
Date: ............... 11-19-87
Pressure: ........... 4 psi
Water Flow: ......... (1) 0.05 cfm, (2) 0.47 cfm,

(3) 1.01 cfm, (4) 1.40 cfm,
(5) 1.18 cfm, (6) 0.08 cfm,
(7) 0.07 cfm,

Grouting: ........... None

Left Abutment; Joint "A"
Feature: ................. High angle, iron stained, joint

N 300 E
Description: ............. Holes were drilled on an angle to

intercept joint due to the
450 sloped top of rock surface.

Location: ................ Sta. 8+90 to 9+00, elevation 612
to 630.

Drilling:
Number ............. 4 holes
Depth: .............. 10 feet
Angle: .............. 45 degrees
Location: ........... (1) 15' U/S, (2) 11' U/S,

(3) 3' U/S, (4) 4' D/S.
Pressure Testing:

Date: ............... 4-5-88
Pressure: ........... 7 psi
Water Flow: ......... Washed holes, no measurements were

taken.
Grouting:

Date: ............... 4-5-88
Mix: ................ 1:1
Pressure: ........... 7 psi
Grout Take: ......... Total of 2.2 cwt of cement I 1 hr

10 min.
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12-02 FOUNDATION CURTAIN GROUTING

Additional Foundation Grouting

LOCATION AND DESCRIPTION (cont)

Left Abutment; Joint "B"
Feature: ................. High angled, iron stained, joint

N 100 W to N 50 E
Description: ............. Holes were drilled at an angle to

intercept the joint due to the
sloped top of rock surface.

Location: ................ Sta. 8+30 to 8+50, elevation 573
to 585.

Drilling:
Number:.............. 4 holes
Depth: .............. 10 feet
Angle: .............. 45 degrees
Location: ........... (1) 20' U/S, (2) 15'U/S,

(3) 3' U/S, (4) 3' D/S
Pressure Testing:

Date: ............... 4-6-88
Pressure: ........... 7 psi
Water Flow: ......... (1) 0.0 cfm, (2) 0.01 cfm,

(3) 1.66 cfm, (3) 2.51 cfm.
Grouting:

Date: ............... 4-6-88
Mix: ................ 1.5:1 and 1:1
Pressure: ........... 7 psi
Grout Take:......... Total of holes (3) and (4) was 2.5

cwt of cement @ 2 hr 10 min.

Valley Section:
Feature:.................. High angled joint N 100 E
Description: ............. Holes were drilled directly on

joint at rock surface.
Location:................. Sta. 6+85 to 7+00, elevation 535
Drilling:

Number: ............. 4 holes
Depth: .............. 10 feet
Angle: .............. Vertical
Location: ........... (1) 16' U/S, (2) 8' U/S,

(3) centerline, (4) 9' D/S.
Pressure Testing:

Date: ............... 1-18-88
Pressure: ........... 4 psi
Water Flow: ......... (1) 2.04 cfm, (2) 0.31 cfm

(3) 1.02 cfm, (4) 0.29 cfm
Grouting:

Date: ............... 1-20-88
Mix: ................ 2:1 and 1:1
Pressure: ........... 4 psi
Grout Take: ......... 2.0 cwt of cement @ 4 hr 20 min

(Q-8
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12-02 FOUNDATINMCRANGOTN

Additional Foundation Grouting

LOCATION _AND DESCRIPTION (cont)

Right Abutment.
Feature: ..................High angled, oc0. open, joint

Des rip ion .......... N 50 EDescipton:...........oles -ere drilled directly on
Loctio: ............ joint at rock surface.

Locril ng:.. . .. . .. . .Sta. 3+80 to 3+70, elevation 54

Number: ..............8 holesDepth: ............... 5 feetAngle: .............. VerticalPressure Testing: ......... Not required
Grout ing:

Date: ................ 3-2-88
M'...................3:1 and 1:Pressure: ........... 4 psiGrout Take: .........Total of 11.2 cwt of cement Q 5 hr20 min.



Additional Foundation Grouting

0,0 0~ . 0 00 .01. 5.0' -0

G~ H~c . V ~ * 

't0.0-,

( A ~ .ii 1
Jch .s;.. 0

- - i .4c,,

000

I 
0 .07

44cr ;low mt. cd.
0

Li~~~ C, b0 d I 
1
oi *.

(Q-86;



12-02 FOUN~DATION CUIRTAIN GROUJTING

Additional Foundation Grouting
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12-02 FOUNDATION CURTAIN GROUTING

Post Grouting Exploratory Borings

GENERAL

Exploratory drilling was performed in the valley sections of
/ , the dam foundation after the foundation grouting was completed in
V that area. These holes were drilled to determine the

effectiveness of the foundation grouting by finding areas of
grout take and the water tightness of the formations. The
exploratory holes were located near grout holes which
encountered large grout takes, these holes were then "logged"
noting were grout traces were located within the core. At the
completion of drilling the holes were then pressure tested with a
single packer to determine the water tightness of the rock in
that area. An area of concern during the grouting operation was
the broken zones found within the top 20 feet of the valley
sections. This area was then targeted for locations of
exploratory holes, both upstream and downstream of centerline.

The exploratory holes were drilled with a Longyear 44 rotary
drill between 28 Jan 88 and 4 Feb 88. The bit that was used
during exploratory drilling, was a 4" dia. diamond core bit with
a 5' barrel. During the exploratory drilling there was no
excessive core or drill water loss encountered. The pressure
testing was completed by the use of a single packer with the
pressure being determined by depth of the packer UIpsi/ft.,).

LOCATION AND DESCRIPTION

Hole t CG-I
Location:................. Sta. 4+50, on centerline,

elevation 527.6.

Purpose: ................. Determine areas of grout flow from
grout hole t C490.OPR, zone II,
grout take = 81.4 cwt cement.

Depth: ................... 75.9 feet

Grout Recovered:

Description Elevation
grout hole fil. w/ grout 487.8 - 487.4
bd. pn. fil. w/ grout, 0.1' thick 458.5

Pressure Test:

Interval Pressure Water Flow
(ft.) (psi) (Ofm)

5.0 - 75.9 5 0.08
15.0 - 75.9 15 0.34
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12-02 FOLNDATrO CURTA!N GRO1.I

Post Gr6uting Exploratory Borings

LOCATIO AD DE§CRPTIO (cont)

Hole * CG-Z

Location: ................ Sta. 6+20, on centerline,

elevation 527.4.
Purpose: ................ Dete=ine grout flow along -C-

line, grout holes 4s C630.OPR
(zone I, grout take = 144.8 cwt)and C600.OSL (zone i, grout take
= 106.4 cwt).

Depth: ................... 51 .C feet

Grout Recovered: ......... No grout traces were logged

P -essure Tests;

Interval Pressure Eater Flow(ft) (psi) (cfmj5.2 - 11.8 5 0.011.8 - 18.4 11 0.3918.4 - 25.0 18 0.2424.0 - 51.0 24 0.0

Hole = CG-3

Location: ................ Sta. 5+75, 17.5' U/S, elevation
520.9.

Purpose: ................. Determine grout flows along
curtain grout line "A", zone I.

Depth: ................... 26.1 feet

Grout Recovered:

Descri tion 
Elevationmod. bkn. mic. bd. pns. w/ tr. of grout:517.4 - 517.3bd. pn. fil. w/ grout, 0.02' thick 513.3bkn. pn. w/ grout 

513.0bkn. pn. u/ g.-out trace 512.6sli. bkn. bd. pn. fil. w/ grout 512.5 - 512.3bkn. pn. w/ tr. of grout 510.5bkn. bd. pn. w/ tr. of grout 509.2hi. ang. jt. wl/ tr. of grout 509.2 - 501.9sh. coal w/ tr. of grout 506.3ang. grout hole w/ grout backfill 504.3 - 501.9
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12-02 FOLMDATION CURTAZN GPOLnING

Post Grouting Exploratory Borings

LOCATION AND DESCRIPTION (cont)

Hole CG-3 (cont)

Pressure Test:

Interval Pressure Water Flow
(ft) (psi) (cfm)

5.0 - 26.1 5 0.0
18.0 - 26.1 18 0.0

Hole t CG-4

Location: ................. Sta. 5+60, 38.1 D/S, elevation
520.8. £

Purpose: ................. Determine grout flow in broken
zones downstream of grout lines,
zone I.

Depth: ................... 21.5 feet

Grout Recovered:

Description Elevation
bd. pn. fil. w/ grout 510.9
bd. pn. fil. w/ grout, 0.01' thick 507.7
coal w/ tr. of grout 505.6 - 509.4

Pressure Test:

Interval Pressure Water Flow
(ft) (psi) (cfm)

5.0 - 21.5 5 0.0
10.0 - 21.5 i0 0.0

Hole t CG-5

Location: ................ Sta. 6+05, 40' D/S, elevation
(526.9.

Purpose: ................. Determine grout flow in broken
zones downstream of grout lines,
zone I.

Depth: ................... 22.5 feet
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12-02 FOUNDATTOK CURTAfl% GROUTIG

Post Grouting Exploratory Borings

LOC'!O-V AND DESCRIPTION (cont)

Hole -CG-5 (cont)

Grout Recovered:

Description Elevation
void filled w/ grout 514.5 - 514.4
bkn. zone: sev. bkn., -Its @ 450 ang.,
wl smn. tr. of grout. r'3.9 - 513.6
bd. pn. w/ tr. of grout 513.4
bd. pn. w/ tr. of grout 511.7
bd. pn. w/ tr. of grout 511.0

Pressure Test:

Interval Pressure Water Flow
ft) (psi) (cfin)

4.3 -10.9 5 0.0
10.9 17.5 11 0.0

1. 22517 0.17

Hole = CG-6

Location:.................Sta. 5+10, 40' DIS

Purpose: ................. To determine grout flows in broken
zones dow~nstream of grout lines,
zone I.

Depth: ....................20.9 feet

Grout Recovered:..........No grout traces were logged.

Pressure Testing:

Interval Pressure Water Flow
(ft) (psi) (cfm)

5.0 - 20.9 5 0.0

C Hole #CG-7

Location: ................ .Sta. 6+25, 25' DS, elevation

528.0

Purpose:..................Determine the direction of grout
flow along line "D", grout hole
D625.OSV, grout take = 51.5 cwt.
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12-02 FOUNDAT16N CUrRTAIK GROUTIN\G

Post Grouting Exploratory Borings-

LOCATIOX AN D DESCRIPTION0 (Corit)c Hole " CG-7 (cont)

Depth: ....................21.1 feet

drout Recovered:

Des-cri i.tion Elevationbroken zone: sev. bkn., 0.1 loss,so. t. grout ldys. 512.9 - 512.3

Pressure Test.

Interval Pressure Wtr~o(ft) - (psi) WaerFlow
3.9 - 1.5 5 0.01)
9.5 -16.1 10 0.00
16.1 -21.1 160.100

(Q-93)



IZ-02 F0UNDATION CLURTAIN GROUTING

Post Grouting Exploratory Borings
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12-03 MODIFICATIONS

Mod. No. Date Descrintion 
Pae

P00001 25 Aug 86 Fine aggregate for concrete ...........
O P00002 08 Dec 86 Pipe culverts in spoil area ........... ,

P00003 09 Jan 87 Single phase const. of slurry wall... R-l
P00004 05 May 87 Sheetpiling - 30 wye reinforcing .... R-3
P00006 20 Apr 87 Additional foam for trash boom........,
P00007 30 Jun 87 Relocate u/s dewater. well panels .... R-5
P00008 30 Jul 87 Intake structure form. el. 570 -575.. R-8
P00009 20 Aug 87 Mod. to main sluice conduit liners ...
P00010 11 Aug 87 Delete deadmen anchor ................ R-12
P00011 26 Aug 87 Locking pin material substitution ....
P00012 30 Oct 87 Notch in d/s diversion dike .......... R-15
P00013 04 Jan 88 Sample concrete batches ............... ,
T00014 04 Jan 88 Deletion of power cable ............... ,
P00015 04 Jan 88 Additional test fills and test pits.. R-17
P00016 04 Jan 88 Deletion of fuel storage system ....... ,
P00017 10 Feb 88 Extend 36" dia. floatwell pipe ........ ,
P00018 26 Apr 88 Modifications to masonry walls ........ ,
P00019 23 May 88 Additional inspection of dam found... R-21
P00020 09 Nov 88 Removal and replace imperv. core ..... R-23
P00021 03 Jan 89 Const. waterline to maint. build .......
P00022 11 Nov 88 Removal of 5' conc. cofferdam abut... R-25
P00023 30 Nov 88 Suspension of conc. @ intake structure *

• Modifications not related to this foundation report were not
included



12-03 MODIFICATIONS (cont)

Mod. No. Date Description Page

P00024 16 Dec 88 Preparation of alternate borrow area R-27

4 ) P00025 18 Jan 89 6" concrete tolerance in spillway.... R-29

P00026 28 Feb 89 Paint embedded metals, intake struct. R-31

P00027 27 Feb 89 Pressure redu ing valves, inlet gates *

P00028 27 Mar 89 Misc. changes to maintenance building *

• Modifications not related to this foundation report were not
included.
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Page 2 of 2 Pages
Contract No. DACW69-86-C-0039

Modification No. P00003

The slurry walls constructed under this contract will be built completely in
one construction sequence, as proposed in the Contractor's proposal, dated
2q July I986, and approved by the Government on 13 August 1986.

Credit for all savings resulting from the V.E. change will he made at a new(3 lump sum price for "V.E. Change to Slurry Wall."

Payment for the Contractor's portion of the savings will be made at a new lump
sum price for "V.E. Incentive Adjustment."

The credit and payment will be made at the agreed lump sum prices hereby
established by the addition of the two new items indicated below:

Estimated Unit Amount

Item No. Description Ouantity Unit Price Increase Decrease

Mod P00003-1 V.E. Change to Slurry Wall I Job Sum $25,900.00

Mod POnO03-2 V.E. Incentive Adjustment I Job Sum $14,245.00

NET DECREASE IN CONTRACT PRICE (-) $11,655.00

The contract price is accordingly decreased by the amount of $11,655.00. The
contract time is not changed by this modification.

It is understood and agreed that the adjustment constitutes compensation in
full on behalf of the Contractor, his subcontractors and suppliers, for all
costs and markup directly or indirectly attributable to the change ordered
herein, for all unchanged work, for all delays related thereto, and for
performance of the change within the time frame stated.

If the foregoing modification is acceptable, it is requested that you sign in
Mlock 15H, complete blocks 1SA and 15C of the form, and return the original to
this office (ATrN: ORHSII),

1C

(R-2)



V - CONT4AIOOIFICA-rioi PROPOSAL AND ACCPT@E

For mn o this form, s. ER I IM-1.

k~fle MA ineer, yatesville ~ d ICTION NO.

7Lake, P.0- Box 1101, Louisa, KY-

4. TO [Coxhtiwrj 5-S PROJECT LOCATION AND DESCRIPTION-
The Lane construction Corp. ConstructionD of Dai an putenant Works
965 Ea~st W~n-Street Phase-II, Yatesvill\Lake, KY
Mferiden, CT 06450

- .A proposal k tequedformakbog the hefe r decrlibed charge hIr accordance Vdth ipecifwatton anddaweing revisio, cited herein o, luted
In a4ttonnt hereto.SebMit yoir peoposain pacIidleatedonpace 2 attach detailed breakdo"nn of pine and Jubcongsawtoots. (Sethe
dun Of this Contract entille4dodfcslr -ooaiPike Breakdlani") DO NI)Tstatt lier. under this proposed charge iaitb you reechoa
copy ijnd by theCon aict Offer, raraolel oproe4-

RAY K. JIOLEY
________ ____ Resident Engineer
Date 2ypedMnic and2Yitl

7. DESCRIPTION OF CHANG E: 2'uunt to the clase of thls contract enttld 'Thargat',the coator 6n aFk4Yoad

b. All work shall be performed In accordance with the applicqble provisions of the
contract plans and specifications.

C. The above modification will result in the addition of one new item of wjork to the
contract for which payment will be made at the agreed unit price hereby established as
indicated below:

Item Description Quantity Unit Unit Price Amount

P00005-1 30l0 wye reinforcing 1630 L.F. $24.86 $40,521.80

*The total contract price Is Increased in the amount of $40,521.80.

e. The contract completion date remains unchanged.

f. This adjustment constitutes compensation In full on behalf of the Contractor and
its subcontractors and suppliers for all costs and markups directly or indirectly
attributable to the change ordered herein, including Impact, for all delays related
Lhereto and for performance of the changes within the time frame stated.

*cept as hereby Modified, alt trns and condition: o/sald coonact as heretofore Mfodified refmin uncha nged and In 1411 force endoffclt.

-. lfor.gotso modifkctdon I;herebY aeewued. UNI TED S TA TES OF A MEX ICA

The Lane Construction Corporation

R. 0.Staplton RY * OLEY

R.(.Stplto Resident Engineer 5 "y 9 ?

ENG FORM 3938, Jul 81 EDITION OP JUN 77 IS OBISOLETE. PAGE I OFP2PAGES
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CONTRAC MODIFICATION 0OP AND ACCETANCE (CONTRACTING OFFICER'S COPY)7 CNOACTI eCT 14 MOOIOr Ot4

Yatesville Lake DACW69-86-C-0039 P00005
M003AW 105 ile P00005

IS G ,s C, ,, o $40'521.80 under-under the appropriation FSN 96461,
96X3122 CG CE, HR BE YBC 04 l0CO 0000 0320 284

' 16 hidWsny f05 OIANGi mD1 5565011 "~ OMissioN4 ioM ftAJ4 AND0 sricIIIATIOIIS

The original contract drawings did pot show a reinforcing plate on the 300 sheetpiling
wies. The Contractor bid the job based on those drawings. The supplier, Bethlehem
Steel, recommended the reinforcing plate as good practice. By DF dated 7 August 1986,
RHED agreed with Bethlehem and added the plate to the shop-drawings. The Contractor,

by letter dated 24 September 1986, explained his position that his bid did not include
the reinforcing plate and would require additional costs to add the plate. By DF dated
30 October 1986, ORHCD.explained the problem to ORHED and asked for concurrance on the
extra cost for the reinforcing plate. By DF Comment 2 dated 10 December 1986, ORHED
concurred.

17 A(56mf Of hecorl RArt COMM010AIIO4 (C6i,,.,,,u rrp.,,,&,ar.,.

3y letter dated 24 February 1987, the Contractor submitted his proposed costs in the
amount of $24.86 per L.F., for a total of $40,521.80. An Independent Government Esti-
natp was prepared on 23 January 1987 showing an estimated cost of $36.19 per L.F., for a
otal of S57,035.44. The Contractor's proposal was reviewed for technical accuracy and
:ompleteness. The subcontractor performing the installation of the sheetpiling did not
sk for any additional mark-ups, he simply passed the material costs from the supplier
irectly to the prime contractor. The mark-ups that the Contractor then applied were
ithin reasonable limits, since no previous mark-ups were proposed. The primary diff-

rence In costs between the Contractor's proposal and the Government Estimate was In the
aterials cost actually given to the Contractor and the pre-bid quotes obtained by the
overnment. Thus, the Contractor's proposal was accepted as being fair and reason-
hle. The contract price will therefore be increased In the amount of $40,521.80. Te
ontractor requested no additional time, and since the work was done in conjunction with
)ther contract work, no adjustments to the contract time are needed.

I

sell H~AMS AD TMI Of OOVIINU1N? UMIWNAlM OA~W

5 Hay1987RAY K. BOLEY
Resident Contracting Officer

ENG OM 39-38-5.

(R-4)
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CONTRAC MODIFICATION PROPOSAL AND ACCEPTANCE

i* I$SUN OF F I E 2 CONTRACT No0. 3. MODIFICATION No.

The Lane Construction Corp. Construction oam n preatWrs965 ast Ian Street 
fe'nadAputnn oMeriden, CT 06450 Phase IIYatesville- Lake, Kent ucky

8.Apooa ,req ttdormas:,ig(he hereinaftecr det-ritbed change in aiccordance with specification and drar and Jclonjctd01 h sererli
hi atach,,. nt heret. Submit your ploposl in apace Indkcer on per, 2 actach deta id breakdownm 0/pieadibotatcss Setdiauf fthill ontract elitited. 'Madification Aroposair . Pice Bleolkdowvn') DO NOT scltr ucork under til proposedl change until you recelwcaevyJge yteContracting Offier or a aMrectir to Proceed.

___________RAYK.BOLEY,Reside-tRnginee

Date )pdamadt
7. DESCRIPTION OF CHANGE: furnuant to thle clause of ltn oiuc ntddiagea', the contractor shall fainith all ptant labor andmatasiul and pee/arm ai wark nece onry to accom"plith thetbaingdxeln 10
It Is necessary to move the upstream dewateting well control panels to the top of thecellular cofferdam so the wells can be pumped during high water events. Your proposalshould include conduit from the present location over to the nearest arc to cell wyeand up to the new location of the control panel, approximately 3' above the top of thecell. A safety line of 3/8" cable supported by 2" steel pipe posts set in sleeves in-seirted in the cell cap on about 50-foot centers should be included.

All work shall be in accordance with the applicable contract requirement and as
directed by the Contracting Officer.

As a result of the change one (1) new lump sum item will be added to the contract as
follows:

Item No. Description quantity Unit Unit Price Amount

P00007 Relocate u/s dewater. I. Job Sum $6,244.00
wlcotopaeinstall safety line.

The total contract price Is increased in the amount of $6,244.00.

The contract completion date remains unchanged.

This adjustment consititues compensation in full on behalf of the contractor and itssubcontractors and suppliers, for all coats and mark-ups directly or indirectlyattributable to the change ordered herein, including impact, for all delays relatedthereto and for performance of the changes within the time frame stated.
Ex.ceptss herebY Modified, all teem. aold esndllloft0/aId eon tract at tlcrtto/o .. tAodip/aeld al Nci,hrd.. and I/alfiorce andt eril..

* toagulng mudlftohlu.Niuaby cpt. UNITLD STA TLS Oil IAISICA
;ONT RACTOR
THE LANE CONSTRUCTION CORPORATION

Y~. KStgiture C8OtyV7t

Resident Engineer~.).Sta~atin ~ttr~t1,n ~ ~ J~i,§ ident Contracting officerDate Typed Namne a'd Titlir(1 Typed Name and Title

ENG FORM 3938, Jul 81 EDITION OF JUN 77 IS OBISOLETE. FAGE I OF 2 PAGE$

(R-5)-



Conitract No. DACW69- 86-C-6039 IMOd4ification No, P06007
'Dam and Appurtenant Works, Phase II
Yatesville take,,kentucky
Continuation Sheet toENG Form 3938
-Block #7

If the foregoing Is acceptable, It is requested that You sign and return theoriginal to this office.

(R-6)



Ina a06rkeIhase 1 -,

Yatesville Lake,JKY,, "DACW69-g6-C-0039 P00007

IS "t7S F?o fM D flot INISOI o, IN fIlE OUN1 OF, $6,244.00 1ncrease
96X3122,.CG ,FSN-9646r
M, :RBE, BC-'d4 1OCO 000 32 0'284

16 MESSITY KFOE 01146AFD 1 01 Wa SSION 11CM PEA4S ANSO sICATIO..s

The. position of the upstreamdewatering well con.zrol panels, on-the contract drewings
did not ,allow use.of thewells -durang high-water. Relocation of the-dewatering well
'control boxes ab6veelevation 616.0 was necessary to utillze the upstream dewatering
well prior to potential'flood'waters cresting over the cellular cofferdam.

~he safety line is necessary; to protect personnel operating control boxes on top of
,the cellular cofferdam.

,The upstream dewatering well control panels were relocated in accordance with
MFR-Trip Report dated 27 Feb 87 from CEORH-ED-GG. The safety line was installed
as per MFR-Trip Report dated 5 Mar 87 from CEORH-ED-GG.

17 *ISJMI Of NEGOTIAT)ONS 0I ICOMWNOATIONS (Ga,116,rt rrp1,at m 11 )

The Contractor was Issued ENO Form 3938 requesting a proiosal to relocate the upstream
dewatering wells to the top of the cofferdam cells on 10 Mar 87. The Contractor
submitted a proposal on 15 May 87 with a price of $7,343.00. On 19 Jun 87 negotiations
were conducted with Mr. Jim Hughes and Mr. Bob Housel of Lane PConstruction Corp.

Mr. Hughes conceded during this meeting that the labor in the contractor's proposal

was excessive. Mr. Hughes stated he would revise their labor costs. After this
meeting the government estimate was also revised to allow additional welder time and

equipment time to bury conduit. The revised government estimate dated 22 Jun 87
shows a cost of $6,686.94. On 23 Jun 87 Mr. Hughes returned with a revised cost
proposal of $6,244.00, deleting $1,099.00 out of his labor. The revised proposal
was $442.94 under the government estimate and is fair and reasonable The $6,244.00
for the work was agreed upon in negotiations.

11C

VATE TPE 111 ANO I11120 OfCOV INMENT UtU$EINTATIVIjC~l

jRAY Ni. BOLEY 1C.
' / d7 Resident Contracting Officer

(R-Z) 0
.... 3938 -BI ' '1 lt I1I I 1 I '



p.JeEIPDEhNT OF SOU1CKTATbOWD~D1F5CATIO4I C1 CIRC 2~~Lo''t

parerof the Army-

,mcctocm District B3ISTW-
Corps of E-ng'- ers . Ms. Ev-1X1I0=PL-C
502- Eigb1 Street ?BOXE: 304/529-5626
E=mImSroz, Wiest Vrgnia 25701-2070

CeLamze co-structica Corporation"AcmL4 
59 TT2t.p

5 ast r'alm Street
Mferiden, CS 06450

11 ThIS flEM ONLY APPLIES TO AVEN'-8EFS OF SOLICIT ATIONS

0tfr,.MAIu'~~ AT i 0-W SOf Vk 10 e-1104 ViW ft.- o i~ ho V ewMI.d b. 01 pbuw uw a r4""~. by SPIN f ftaas'.iwvw.

vjb . V ( 5, W.Ws' kmr V 18,kw-.A ~ cko0 a 'forrvta oe MA ea-w!- V4 a-er--C. tn-o" FAN LURE OF YOURA' Z*:0*N.f=
48177701 ItE 'YE AT 1881 PLACE OfSiG'8ATEOFOR 181 NECEMP OF OFFERS P~iOR IOTafE 8fUR AfD DATE ICO= ImAy RESuLT
1h Alif CISD7 OF YOuR OF FER- i N -,e of tom To05' . on,# t v,*w. &% a'fr &&adv .b-41.a. eL~ ffa, be ma by asi'- of

JZ At~oua1.3.AvA~v P1SftOR88 D4ATA 61 e qj

FSX 96461 96X3122 CG MR BE YBC 04.1OCO 0000 0320 284

13. THrIS ITEM APPLIES ONLY TO MODIFICATiOnS OF COUTRACTSIORDERS.
IT MODiFIESTiE COtJTAACTIORDER NO ASIDESCRIBED IN ITEM 14-

A . ~ 8L IuOPI~u., 00tf.Iobl. CAft4LISt FORT- Aft 851.1 JARt8L 3r..t CC.
lT 3CRRN. 88 S 9112A.

a .tm A9ZvC '.t:t1O CO'.IPATYIOR DER 40=41t'lO 10 SMUT ?cS 1-C ON".'RAVt CNA.:3ZS 6we a 04 MPeMa affJTt
*l'erza.te SETaa PiORT. 106 aTE.' 34. PAuRSUAkT TO T.9 AuT.OA1TV OF FA 43.10210).

C. aM 55,'Lt.ilN AS £RILVLft? 26 Ltd CLLD BftO 'JSu£.T 10 AU~ N11',Of A

X ConractClause 58 "Changes" and Contract Clause 45 "Differing Site Conditions"

E IPORANT Cotr~r 0ig ot.El tauie to W~ th-s documntn s" tetum one to. to th jui otl,ce

Reference is made to Contpact Clause 58 "Changes," and Contract Clause 45 "Differing Site
Conditions" of the above numbered contract for "Construction of Dam and Appurtenant Works,
Phase II, Yatesville Lake, Kentucky".

Since a.. equitable adjustment in the contract price for the differing site condition in
the rock elevation at the intake structure has been determined, it is necessary and in the
'a't interest of the Government to modify the contract in ertain particulars as follows:

8. 910.4" F08RM& W-4m 0^11 960#fn* Of 1" 1169--0- H874'S88*I MC 11fU $Ap Vsa 36. M's6ts, gewwe.C.,.,w Sc.pAO IN8 IV8 fet
S.S81"W
48A. hAwL AND 118. OF S07th tTV1 evPft&8, 16AR NtA9A AFN 10J.90 Of~ala pICafue'p.,

ROBERT D. BROWN Ill, COL, Corps of Engineers
Contracting Officer

1am & O'.I A A ?O A O P L A O A 1 11 P A 9 1 ' %bZ 11 VIk .C1 6 50 1 l'~ m" C T I G
0448. *F'* 888.~a1.g8 30 JUL 87

(R-8) .. C 'is$ '
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Page 2 of 2 Pages
Contract Ko. DACM9-86-C-039

Hodification No. PO00

Pay wmr for all costs in connection with for=,-ric required for the exterior
Intake structure valls fro= elevation 570.0 to elevation 575.0 will be =ade at
a Ic s,- price for "Exterior Intake Structure Forcwork fron Elevation 570.0
to Elevation 575.0".

o* As a result of the Differing Site Condition, one contract iten is hereby added
to the contract at a I-p su price as set forth below:

Quantity Unit Az.ount

Iten No. Description Increase Unit Price Increase

New (Hod Exterior Intake I Job Sun $7,500.00 $7,500.00
P00008-1) Structure Fort-ork

fro= Elevation 570.0

to Elevation 575.0

Te contract is increased In the amount of $7,500.00.

The time for completion remains unchanged.

It is understood and agreed that the adjustment provided herein constitutes

compensation in full on behalf of the Contractor end its subcontractors and
suppliers, for all costs and mark-up directly and indirectly attributable to
the change ordered herein, for all unchanged work Including icpact, for all
delays related thereto and for performance of the changes within the tine
frame stated.

'If the foregoing nodification is acceptable, it is requested that you sign in
Block 15B, complete blocks 15A and 15C of the forn, and return the original to
this office (ATTN: CEORH-CT).

C

(R-9)



CEOq-C,--A 13 July 1987

F IINGS OF FACT

SUBJECT: Findings of Fact in Support of Mdification No. P60008, Contract No.
DAC69-86-C-0039 (Construction of Dan and Appurtenant Works, Phase
II, Yatesville Lake, Kentucky

1. ecessity for Mdification: The contract drawings for the Intake
structure indicate the top of rock at s ervtion 575.0 around the sides of the
intake structure and an existing base slab placed to elevation 570.0. However,
the rock adjacent to the intake structure had been removed previously, by
another Contractor perforning the tunnel excavation, to approximate elevation
570.0. Therefore, it became necessary for the Contractor to forn the intake
structure sides fron elevation 570.0 to elevation 575.0 in lieu of placing
concrete against rock as originally anticipated. In accordance vith Contract
Clause 45, "Differing Site Conditions," of the contract, the Contractor is
entitled to an equitable adjusstment in the contract price for the additional
costs he would incur as a result of the differing site condition.

2. Contract Provisions Under Which the Modification is Being Issued: Contract
Clause 58, "Changes" and Contract Clause 45, "Differing Site Conditfons."

3. Justification of Price: By letter dated April 15, 1987, and received
April 17, 1987, the Contractor indicated that the intake tower base slab up to
elevation 575.00 was to be placed against existing rock surfaces. However,
the rock in this area was lower than indicated and the concrete would have to
be forned. The Contractor requested compensation for the cost of forming the
exterior concrete surfaces below elevation 575. By letter, dated April 24,
1987, the Resident Engineer acknowledged the lower rock elevation and
requested the Contractor to subnit a price proposal for forming the perimeter
of the intake structure from top of rock to elevation 575. The Resident
Engineer prepared an estimate on 29 April 1987 in the amount of $5,286.80 for
the additional formwork. The Contractor submitted a hand written proposal to
the Resident Engineer on 5 June 1987. The Contractor's proposal was reviewed
and preliminary negotiations vere held on 19 June 1987. As a result of these
negotiations, both parties agreed to review their estimates, the Government's
estimate was revised fron $5,286.80 to $7,633.81 on 22 June 1987. The revision( added stripping costs which had been omitted and included some rework
resulting from high water before concrete was placed. The Contractor returned
fcr negotiation on 24 June 1987 with a revised estimate in the amount of
$8,227.00. As a result of these negotiations, the Contractor revised his
estimate downward to $7,500.00 on 27 June 1987 which was considered to be fair
and reasonable. The modification will result in an increase of $7,500.00 in
the contract price as set forth below:

(R-1O) -



CEORRf-C-ASL3JECT: Findings of pact In Support of Modification No. P00008, Contract No.DAM69-86-C-00
3 9 (Cons-.:zcti6n Z6 Da and Apurtenant Vorks, PhaseI, YatesvIlle'-tke, 

Kentucky

_ua:iry Unit AountIte No.Descrpon crease Uni Price IncreaseNew (.Hod EUterfor Intake I Job 5un $7,500.00 $7,50D00
P00008-i) Structure Foreiork

from Elevation 570.0
to Elevation 575.0

J. Justification of Ti=e: Since the work will be performed concurrent withother contract work, additional contract time Is not required.
5. Statement of Avallabilltv of Funds: Fundc In the acount of $7,500.00 areavailable under the appropriation: FS-V 96461 96X3122 CG,CE; HR BE YBC04.1OCO 0000 0320 284.

Colonel, Corps of Engineers
Contracting Officer

2

(R-11)



S.. - aRCT MODIFICATION PROPOSAL AND ACCEPTAf iC
h"pa iaao u d"60VJ

Fr eI h d La m. - ER l130-1-1.

MUME OFFICE 2. CONTRACT too. 1. MODIFICATION NO0.Residenr Engineer, Yatesville Lake DP.O. ? ox 1101, Louisa. XY' 41230-4101 DACWd69-86-C-0039 [ P00010

4L TO r4-Weawl IL ROCr LOCATION ASO DES.CmRIPTON

The Lane Construction Corporation Construction of Da= and Appurtenant Vorks
965 East Fain Street Phase 11
Meriden, Connecticut 06450 Yatesville Lake, Kentucky

Px-2?B%1 E1M 80'320 284

a. h Delteu, dearan a~uopnhordL port rah~dwd oo .- d ubstiute groutedpa.. anc ba as~ direted

uem*t by ar*e hContr OfingAnd O pfcr. e

29 July 1987 RAY K. BOLEY Resident Engineer
Le* ~ pdNa'W&d7M1Wd &SWIWw -

DSCRIPTION OF CHANEe oew luf sun ewre fo acewl i

-ad e om e. ontr ac s l hfaohhseh woewsas:.L Lt

a. Delete deadean anchor for trash boom and substitute grouted anchor bar as directed
in the field.

b. All work will be in accordance with contract plans and specifictions and as
directed by the Contracting Officer.

c. As a result of this change one lump sum item for a credit to the Government will b
added to the contract as follows:

*Iten No. Description Est. Qty. Unit Unit Price Est. Amount

*P00010-1 Delete Deadman Anchor I Job (-) $3,100.00 (-) $3,100.00

d. The contract tine will remain unchanged.

e. It is understood and agreed that the adjustment provided herein constitutes
compensation in full on behalf of the contractor. his subcontractors and auppliers,
for all costs and markup directly or Indirectly attributable to the change ordered,
for all delays related thereto, and for performance of the change within the tine
frame stated.

f. If the foregoing modification is acceptable, it is requested that you sign the
form and return the original to this office.

reepts ahmhd oQy Md aed.t! tea aid coedioi oaid contrhcts forreloferfodlfledr renin uncagd and bi lullf "ce ad 'fec.

The foagen oa lOdIkstn IhW0V wadtod, UNI"TED STA TES OF AM RICA
CONTRACTORI

VYK.senierm,sBOLEY
' Resident Engineer

Q&___________taw _____ II August 87 Resident Contracting Officer
Da. Typed Nsme snd Tile Dste Txp". Name, and $.a ''

EN OM 98.Jl8 EDITION OF JUNt 77 IS OBSOLETE. PAGE I OF 2 PAGESENG FORM 3938, Jul 81 o R

(R-12l



5. IISCIR O~fia P CONIaC No 0w. AWDIFCATIOlI NO

Resident Engineer., i e_ I I . I I' Lake

P.O. Box 1101, Lotisa. ICY 41230-4101 IDACW69-86-C-0039 Poo0o0
u. , CONMitCTOIU$ PROPO$ AL,-CHANGE IN CONTiACT FIPR

-- OTE- nm A,,D xz 4 oIjuNAL AN COmis zrAi OuS colr fOX YOUR aL.f P&TECSE CLA ASPcp

0 . "$ 3100.00 cAD
'  

ssm 
't

AM

Credit for replacing concrete anchor ,ith rock

anchor for one end of trash boo=

Proposed credit:

For concrete:

(6' x 7' x 8')127 - 12.4 cy of concrete

12.4 cy x $250./cy - ;3100.00

Total proposed credit - $3100.00

CI

ATE 1150NAE AMO TITLE PGSTOAUU

8-4-87 7 H.W. Reitz District anage:rJ.. . .  V).-( l
ENG FoVA 3938 Ae 2 OF 2 PAGES

(R-1 __



S...ft. .XUA'IAL. .Ai PMIANCE (CONTRV.AiCTING OPiPCWS COPY)

12 FKi. tczo.u "M. MOj.A~ ,

Construction of D=- 
and Appurtenant Works

Phase II, Yatesville Lake, KY DACW69-86-C-0039 P00010
IM IA" P0CMJO W9 IM OIMf gi AMOMOf, (-) $3,100.00 - Decrease

96x3122, CG CE FSN 96461
M L BE YBC 04 10CO 0000 0320 284

16. HMMS~I 101 OU14~ C A C WASO ME MS~IC M MG M AM1CIICA1H8

During the preparatory inspection for installation of the trash boom anchors, it was
determined by field observations that a grouted rock anchor was more appropriate and
would result in a partial savings to the government over the deadman anchor shown in
the plans.

17. MUMt OF 1OTUItON$ O M0MHOD LTIOe4$ (GCMr,,,,.1 ul)

The Contractor was sent a request for proposal to delete one deadman anchor on 29 July

1987. The Contractor provided a proposed credit for the deletion, dated 4 August 1987,
in rre amount of (-)$3,100.00. The government's estimate dated 30 July 1987 proposed

a crtdit of (-)$2,783.82. The Contractor's proposal resulted in a higher credit for

the £overnment. The Contractor's proposal is fair and reasonable and therefore was
accep'ed. No additional time is necessary nor was granted for this modification.

f!
DAT! &W AND.0 1.10 OF11 GOMMUN7 UPUSIATM SV1TI. '' RAy K. BOLEY, Resident Engineer /I-

(R-14)



CCNWIYACT MODIFICATION PROPOSAL AND ACCEPTANCE
(Modifinaton of km than $50,000)
For mtu thu e. tfo, e ER 110--1.

1. ISUING OFFICE 2. CONTRACT NO. |.IODIFICATION NO.
Resident Engineer, Yatesville Lake DACW69-86-C-0039 P00012

P.O. Box 1101, Louisa, KY 41230-4101 lReason Code: C15
4. TO CIontarI " . PROJECT LOCATION AND DESCRIPTION

[ O m and Appurtenant Works
The Lane Construction Corporation Phand A a
965 East Main Street Pase L ell Heriden, Connecticut 06450 Yatesville Lake, Kentucky

e CFSN 96461; 96x3122 CC CE; -
_ _ _ _~__R BE YBC 04 10C-000-0320 284

& A prepol Is requtJted formijg th he'rmcr iedlbed eahVeln oeco n ce with spedflcauon &d U',nt re~iionet ted heren Ikctted
be narinment hereto. lSubt you, propotoe b spawe Lndicated on pme. atach demtaed bwakdow of pfrie and :rucontact wat . [Seethe
dauofldecontrenfrctetned dfitPpoaae Brur.'nJDO NToeS ,dier.rr ed etilyou -eee~a
copy.lsrdby the Canacti Offier ova tectoe to proceed

/0/7/8 7 RAY K. BOLEY, Resident Engineer

-" Dire TypedNameand Title
7. DESCRIPTION OF CHANGE- firnuant to the cw.se ef t conoct e teded, "Osred deeontracto," scS ,VwfO h a l M plhan labor nd
nt erti and perfonn a %ork frecezay to ecomp5ith the foffoming described work!

a. Change AU : Construct notch in downstream diversion dike as shown on drawings
(enclosures 1 & 2) and as instructed in the field. All work will be in accordance

with contract plans and specifications and as directed by the contracting officer.

b. As a result of this change one lump sum item will be added to the contract as
follows:

I tem No. Description Qty Units Unit Price Amount
P00012-I Notch in Downstream 1 Job Sum $6050.00

Diversion Dike

c. The contract performance time is unchanged.

d. This adjustment constitutes compensation In full on behalf of the contractor for
all costs and markup attributable to this change, for all unchanged work including
impact, for all delays and for performance of the changes within the time frame stated.

Ecept a: hereby Modif edall tenmu and condition:ofiaid controtas heretofore Modifd reemne unc¢racd and in f&41 foce and effect.

The fo,.golng mo41flatlon IS hereby ocCaptd. UNITED STA TES OF AMERICA
CONTRACTOR C S TO

"L LANE CONSRUCTION .

E k:V" 'stapieton, R K "-/E
10/28/87 Executive Vice President 7  Resident Engineer, RCO
Dt Typed NAme nd Title 4 a, Typed Name and itle

ENG FORM 3938, Jul 81 EOITION OF JUN 77 IS 08OI.ETe. PAOE I OF 2 PAGES
ssU GOVENMENT "WINGOtEOrt Ibto. 31J454

(R-15)
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CONAACT "MOOIFICATION *OPC. AND ACCiPTAA-C- (CONTRACMNG OFFICER'S COPY)
12. MOAO' 22. (OD O POO. 4 , O f ,A2ON NO

Dam and Appurtenant Works, PH II DAC69-86-C-0039 00012
Yatesville Lake, Kentucky eason Code: C15
is. u*.¢s l .4AW Im f oI A OI 0f $6050.00 - Increase

Chargeable to account number: FSN 96461; 96x3122 CC CE; MR BE fBC 04 1OCO 0000 0320 284

36 ,NECtSaTT FOR QKMe6 A 450ME AOMON 0*4 FL~ AM45 45 SKCAn4

Change AU. Notch in Downstream Diversion Dike: Disposition form from CEORH-ED dated
16 Sep 87 requested contract DACW69-86-C-0039 be modified to provide a notch in the
downstream diversion dike to better facilitate back flooding of the work area in case of
a flood situation. Back flooding will provide additional protection to the cofferdam
and minimize damage to the work area in case of high water, overtdppifig,2thh:cofferdam..

17 MSUNL Of WQ, OfLAtO ft at UCOMINOAIO4 (Cs7,r.,., rtpr.,.s1.)

Chang.e AI. Notch in Downstream Diversion Dike: In response to a request for proposal
dated 7 Oct 87, the Contractor proposed a price of $6050.00. The government estimate
prepared 13 Oct 87 was $11,195.20. The Contractor's proposal was less than the
government'estimate and is acceptable. The Contractor's proposal was examined for
labor, equipment, material, overhead and profit rates and is fair and reasonable. No
additional time is required nor was allowed for this modification.

4 .q

DATE HA W AM MLE OF GOY2INI UMM*TATE SAtI

RAY K. BOLEY, Resident Engineer, RCO

IND lP 3 9 3 8 -B. 
"



.. . .CONT.ACT MODIFICATIO I PROPOAL ANDI ACCEPTAICE
S(Modificauon of less than $50,000)

For- - um of thlsfom. "a ER 11B0-1.1.

1. ISSUING OFFICE 2. CONTRACT NO. 3. MODIFICATION NO.
U.S. Army Engr District, Huntington DACW69-86-C-0039 P00015
Yatesville Lak- Resident Office lReason Code: CIS
4. TO (Co".ractofj 5. PROJECT LOCATION AND OESCRIPTION
The--Lane Construction Corporation Dam and Appurtenant Works,
965 East Main Street-- Ph. II, Yateaville Lake, KY
Meriden, Connecticut 06450 FSN 96461 96x3122, CO CE

MR BE YBC 04 OCO 0000 0320
284

&. A proposal Nqueedfor maklng the hereinafter de rbed charge In accordance with specificatlon and dramrV ree'iLonr cited herein or titled
in aachnent hereto. Submit yo. propo!UJ in space Indicated on page 2 attach detailed betakdoom of ptne and subcontract ao. See the
us of dii, contract entitled. "Jtudil ton Propoasa ice Breahown"9 DO NOTotr roeS iori tatl peopoted change unfit you receive a

,tpy ignedby the Contracting Officepr c directive toproeera.

Date " K. . ...- iv, 1 4qnawe-

7. DESCRIPTION OF CHANGE. pursuant to the clause of this contract entltled, " Ocmeva the contractor sha ftrsh all pkt labn o and
materi, and perform ad work necssiy t0 4 10'"/L the [cgo wVq described work:
a. Change AY: (1) ConsPtruct a sandstone test fill with five

one-foot lifts on top of the existing downstream random rock fill
zone. Test fill will include five 30-feet wide lanes with
compactive effort as indicated on attached sketch.

(2) Sample and perform gradations on two quarry samples at
approximately 1/3 and 2/3 of the required volume necessary Lo
construct the test fill.

(3) Perform approximately 10 rock fill test pits in
accordance with applicable specifications except that a
percolation test will not be required. Location will be as
directed in the field.

b. All work shall be in accordance with applicable contract
requirements and as directed in the field.

c. As a result of this change one lump sum and two unit price
items will be added to the contract as follows:

Item No. Description Quantity Unit Unit Price Amount

P00015-I Test Fill I Job Sum $ 2405.41

P00015-2 Quarry Sample 2 Ea $525.00 $ 1050.00
Test

P00015-3 Test Pits 10 Ea $723.00 $ 7230.00
Except as htereby Modified, all tcmr and conditions of said contracta hecrtofsre Modified renain unchanged and in flf force and effect.

p! for oqtn modificaton is hatro acceptea. UNITED STA TES 0[F AMERICA

The Lane Construction Corporation

RAY K- BO£

1/8/88 R.D. Stapleton.Vice President 4 Jan 88 Resident Engineer, RCO
Date 2)ypcd am and i"tle .Dte Typed Name and Title

ENG FORM 3938, Jul 81 EDITION OF JUN 77 IS OBSOLETE. PAG I OF 2 PAGES
*US GOVEANMEMT NTINGOICE 1I8 313-45

(R-17)
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Contract No. DACW69-86-C-0039
Modificatton No. P00015
Dam and Appurtenant Works, Ph. II
Yatesville Lake, Kentucky
Continuation Sheet to ENG Form 3938
Block #7

d. The total contract is increased in the amount of $10,685.41,

e. The contractor completion date remains unchanged.
t:. This adjustment constitutes compensation in full on behalf of the Contractor and itssubcontractors and suppliers for all costs and markups directly or indirectlyattributable to the change ordered herein, including impact, for all delays relatedthereto and for performance of the changes within the time frame stated.

g. If the foregoing is acceptable, it is requested that you sign and return the orginalto this office.

(R-16)
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commKar moomIAUoN P1oFomA &mO Acca'WsE CO%MACMVG OMZMr COMY

I' rL
?base ii, Yatesville Lake, Kentucky 9I0Z. j=

5 F r1

"i I1200015

1~~~ ~ 3. V"V0AMIFO n wAV#I .'" $10,685.41 - Increased to Accoca r : S P
96x3122, CC CE; FR 3E YBC 04 IOCO 0000 0320 284

ii. Wa~s= im OWICI Affi uAsO' Mo4 OWt PC" P- APO Jf 111

Change AY: (1) Test Fill. (2) Quarry Sa=mle Tests. (3) Tests Pits: Initial test

pits resulted in gap graded material Indicating cc=pzctio erhods required b7 the

specifications to be izadequate. In accordamce with Memorandm for Record dared

23 November 1987 from CEORE-ED-C additional testing was Initiated. On dispcsit on

form dated 9 Deceber 1987, C-:OR-= requested aodification to contract DAZC69-86-c-

0039. Reason Code: C15.

17. KSUMI OF ,Cm1fGOpf~j4 01 JEooMtW PAT) (

Change AY. (1) Test fill, (2) Quarry Sample Tests. (3) -Tests Pits: In response to

Request for Proposal dated 3 Dece ber 1987. the Contractor submitted a proposal dated

15 December 1987, for 10,685.41. The government estimate dated 9 December 1987 is

$15,223.10. The Contractor's proposal was reviewed for technical accuracy, complete-

mess and scope of work. The proposal was found to be acceptable. The Contractor's

proposal is less than the government estimate and Is fair and reasonable. The

Contractor's proposal was accepted on 17 December 1987. No additional tire is require4

nor allowed.

(

IRAY K. BOLEY, Resident Engineeer, RCO

-03938-B

AM MY(R-20)



________________ _____________________ - il,1 RACT IteQgFSeAT I OOMfAeA EFMMAOfcE
- iarde or ku su S~a-

U. S. Arxy Engr. Dist., Euntington 59-S-C-0039 P00019-

PMOAC7 LOMTOON APIC D(SCUP7IO
the .nne Construction Corporation Dan and Appurtenant Works, Ph. 11
955 East Main Street Yatesville Lake, Kentucky .
Meriden, Connecticut 05450 FS 95461; 96x3122, CG CE;

HR BE YBC 04 IOCO 0000 0320 284

Sa. Change BG: R emove impervious material, repair water seepage in
shale zone below impervious core, and replace impervious fill in ac-
cordance with Initial order Number I and as directed in the field. All

work will be in accordance with contract plans and specifications and

as directed by the Contracting Officer.

b. As a result of this change one lump sua ie will be added to the

contract as follows:

Item No. Description Ouantity Unit Unit Price Amount

P00019-I Additional Inspec- I Job Sum $ 7,000.00
tion of Dan Foun-
dation

c. This adjustment constitutes compensation in full on behalf of the
contractor and its subcontractors and suppliers for all costs and mark-
ups directly or indirectly attributable to this change, for all un-
changed work including impact, for all delays related thereto and for
performance of the work within the contract time which is unchanged.

Eurp m errtbyModI e11 trimu d eom w *fiol id emf trscIqcfo~9 fodf£ ww. a-v,, td &, 1,fsidc .d e/fteL

The f@or"I modifk.tion k .bV €y . UHITLD STA TES OF AMNRICA
CONTACTOR

The Lane Construction Corporatlon

R.D.Stapleton, 54- Exec.Vlce Preent KENNETH EZIMMEAN

M "De 9 ident Contracting Officer
Daids 1>HaeWTcde I De Tired Name an'd M tle

ENG FORM 3938, Jul 81 EDITION oF JUN 7) IS OBSOLETE. PAGE I OF 2 PAGES

(R-21)
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CONTRaT MOICAMON P10-1SA AND) ACCEFlAhaC (WCT2AC7nG OFFICErs COPY)
2 -0.

Dan and Appurtenant Works, Phase 11 DAC69-86-C-0039 I P00019
Yatesville Lake, lentucky

$7,00.0 cargabl toaccuntnumer:FSN96461; 9SX3122, CG, CE;MR BE YBC 04 IoCo 0000 0320 284.

5 PI2S~ J~O~5G4 A" M5J4 OSS4 ACKG r.0 A$* $O SCtC'=
Chane BC.: Additional Inspection of Dan Foundation:

See "Determination of Findings" dated 15 April 1988 attached.

Reason code: CL5.

37 K~Sga of f*CU,OfG0# OS NCO.."?A3IONG (G.,,.m. NPW-

Change BG. Additional Inspection of Damn Foundation:

In response to Request for Proposal, Initial Order No. 1 dated 18 April
1988, the contractor submitted a proposal of $7,000.00 dated 26 April

1988. The government eatimnate dated 18 April 1988 is $9,670.29. The
contraco' s proposal was reviewed for technical accuracy, completeness,
land scop of work. The proposal was found to be acceptable. The con-

trco' proposal is less than the government estimate and is fair and
reasonable. The contractor's propoaal was accepted on 2 May 1988. No
additional time is required nor allowed.

3 ~44A~8Resident Contracting Officer

AM MY5 3938-B

(R-22)



de/ca115626I .MENTOF SOLICITATIONIMODIFICATION OF COIRAZT C'1AT5WO

tP000P.AD' 090 Nov U 88 c..s E.'9 . ~~ .. .ug

j~ ~i,=District BUYER/SYVEOL co,

Corps of Ehgineers Mrs. Erwin/CEORH-CI-C
-502 Sth Street 304-529-5626

EkHtnigtasn . West Virxgssua 25701-2070

The Lane Contruction Corporation______________
965 East Main Street u.orofuse s

oFI1 E idMende, C1; 06450
~f5 '0AGA. MOCIFICATIONI Of COINTRACT/DRDER

14 #40.

1988 DACW69-86-C-0039

.CDE IFACILN-YCO3E ____86' Feb 2

flT~ui~ 11. THIS ITEM ONLY APPLIES TO AM6ENDMENTS OF SOLICITATIONS

0 Te lbi~t nmbeedSolauion Istrndedu as set forth In team 14. TI. ho~w .P4daB specif i for recip of Offer& 0 sexterood. Di]smist s.

ofer mutakoV~~ et of tis ame'r.rdrDan Prior to the hour "date5 specifie in Ihe it. odttn of as Sowissed. by ono of th. follont methoeds

(a. B, comleing
5 

items, 5 strd IS." returnuIq .........Coprs Of III. OanindrNtn. I1) By 4CknOM taiftQ reCtipt Of Chit rimnntint On each, Copy of th. offer
subitted or 10 By serwalir letter or Iula9r.,n .rhcG incue lai etfforu to teswfgo IMU et' Sodngrit dnumberfisr FAILURE OF YOUR ACesIOWLEDO.
mENT To BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAAY RESULT
IN FiEJECTION OF YOUR OFFER It by inalt* of thits orinamenI yousir toch. so on85551~ offr ul subm'itted. such charp ry to trade bry aolograrror

kitt poyded Bache ll, a o le45 t te mk es~ *141u1tforo t the lictaCItionI &Ard11 lsty ard is rene-id prior to "s ocarrn flour "0doe specified

fi UTNGAND APPROPRIATIO)N DAT^ fJIMIol)
96461 96X3122 CG, CE: MR BE 'fEC 04.IOCO 0000 0320 284

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTSIORDERS.
IT MODIFIES THE CONTRACTIOROER NO. AS DESCRIBED IN ITEM 14

Al TisCHANGE ORDER 15 ISSUEDOPURSUANeTTO IsPoCwrIZOl JI4CAG.STFOTIIE AREAENHC
TRACT ORDER NO. IN ITEM ISA.

SB.THE ABOVE NUMBERED CONTRACTIOROER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES &WsA ra thentes u Isal.. offttrt
appropNrtion date. err.J SET FORTHl IN ITEM 14. PURSUANT TO THE AUTHORITY OF FAR 43.103(b).

C THIS SUPlPLEMENTAL. AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY Of.

x Contract Clause 58. "Changes"
0.* OTHER type~f I77 end.lfr.u s.a1.&5ryJ

E. IMPORTANT: Contractor El is not. E is reqired to sign this documetnt ad return One..QlS. copies to the issuing office
14.DtJC R 10TION OF AM ENOMCNTIAODIF ICAT ION (tfwdoilei J7 UCF8a reor adia. iRScldifs twlto itu'Iiosnsibonm iease olliff sSr e~b

Reference is made to Contract Clause 58 "Chapges" of the above nsumbered
contract for "Construction of Dam and Appurtenant Works, Phase 11, Yatesville
Lake, Kentucky.

CSince an equitable adjustment in the contract price for the "Removal and Replacement
of Unsuitable Impervious Fill Material in the Core of the*Dam 1 has been determined.
it is necessary and in the best interest of the Government to modify the contract in
certain particulars as follows:

E.too' 4alfroidnliS htl.. all forms1 ane tondillonIol Ite stsue nt l ,gIU-n d In 11"n, #A of ICA. as 110tg10to's co.IIt remains slunhlrou line tn lull force

TJ rGAND TITLE Of SIGNER MptY alFPdif4) 16A. NAME AND TITLE1 OP CONTRACTINO OFFICER MTpg rrll
THOMAS E. FAREWELL, COL, CE
Contracting Officer

510. CONTRACTOAJDF RDR IIC.DATSSGNC -I I6 E "TAT "oA RI ICC.116OAT SIGNED

tS~dI~trO otp~rsn an~ur,,4 ~.,I SLeinatir. of CuI.rlrrII, Oftr"r 09 1oV 88

NIH 7340-01.)52.070 30.105 T~IBI0~I.-
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-Page 2 of 4 Pages
Contract no. DACW69-86-C-O039

Modification No. P-00020
S. Turner/klw/5331

Payment for all costs in connection with removal and backfilling
impervious, core on April 13,(E2 27 and 1988; Standby equipment cost on
-l 27 and April 28, 1988; Removal and backfilling impervious core

mllerial, building test fill, digging inspection trench, and standby
equipment costs for May 11 thru May 17, 1988; Excavation and backfilling of
impervious core at elev. 571-575 and-right abutment at elevation 576
including standby costs from May 27 thru June 2, 1988; and excavation and
backfilling impervious core at elevation 576 including standby costs on
June 3. 1988.

As a result of the changes, one new contract item is hereby added to
the contract at a lump sum price as set forth below:

Item Qutntity Unit Amount
o._ Description Increase Unit Price Increase

New Mod. Removal and Replace- I Job Sum $57,578.00 $57,578.00
P-00020-1 ment of Unsuitable

Impervious Fill
Material in the Core

1 of the Dam

The contract is increased in the amount of $57,578.00

The time for completion remains unchanged.

It is understood and agreed that the adjustment provided herein
:onstitutes compensation in full on behalf of the Contractor and its
ubcontractors and suppliers, for all costs and mark-up directly and
ndirectly ttributable to the change ordered herein, for all unchanged
crk including impact, for all delays related thereto and for performance
f the changes within the time frame stated.

f the foregoing modification is acceptable, it is requested that you sign
n Block 1SB, complete Blocks 15A and 15C of the form, and return the
-iginal to this office with the completed SF-,1415 (ATTN: CEORI-CT) after

le consent of surety has been completed by you and your surety.

(R-24)



SOLCIT TI~~ATONO 1N I-c"TaACThb PCOD OF AE
AMENDMENT OF OIIAIMDFCTOOFONR T

-i tD~EN~nIOSICA8O NO 3.EFFECTIVE 1DAT 4. REQUSfNn1PU0SS t, o .POJECT NO. Uwe;se.Sa;ir

P00022 ___________

F'untlngton District odCDI
Corps Of Engineers
502 Eighth Street
Huntington. West Virginia 25701-2070

If NAME AND ADDRESS OF CONT RACTOR Vio.. WIPE eL, ils. Staeali.d Zp CRl PA. AME14OVET OF SOLICITATION~ NO.

The Lane Construction Corporation
965 East Main Street ______________

( "eriden. Cli 06450 98. DATED CSE~rrla 21

ICA. MODIFICATION OF CONTRACTIORDER
NO.

X DACW69-86-C-0039

lOB'. DATED (SEE .97E )

CODE IFACILITY CODE 8.6 Feb 25
11 THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS

LI The abOve numbered sol.iiations is amended ad; feet forth in Itern 14. The hour and dategsticif td for Istiot of Offers O1 aeatineod 0] a not cc.

Offers micst ackn~ow'ledge receipt of this amnsdment tprior to iae hour0 jrd difte specified in the abeilttone or .alsendgid by one of the fottowsag methods.

141 B. ooleting Itemrs B and 15 and retaraag -copms of the amendment [b) By lo nontiedging receipt of this amendment on each copy of the after
subenittad ter'(1dBY IS~ult letter Co ltiertnewhich WXJdft sareference toth OsesotabMofand amendment numbers FAILURE OF YOUR ACKNOydLEDC,
MENT TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THlE HOUR AND DATE SFECIFIED MAY RESULT
IN FIEJECTION OF YOUR OFFER If by vnute of tis amendoment You desire to change an offer already sbmtied sudh chsange may be oadef by telegremor
letter Provided erecl telegram, or letter msakes reference to th solicitation and this amendene,st and is receovfd poof to the aosn hour and date smecfred

12 ACCOUJNTIN5G AND APPROPRiATION DATA (II ,narnel)

FSN 96461 96x3122 CG CE; MR BE YBC 04. lOCO 0000 0320 284
13 THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS.

IT MODIFIES THE CONTRACT/ORDER NO AS DESCRIBED IN ITEM 14
* TIS CHIANGE ORDE R IS ISSUED PURSUANT TO (Spec't .. rotan THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CON.

TRACT ORDER NO IN ITEM teA.

o THE ABOVE NUMBERED CONTRACTIOROER IS MODIFfED TO REFLECT THE ADMINISTRATIVE CHANGES fouchm aterl, in Payl~tR ffice,
differ4101 do, 10 SET FORTH IN ITEM 14. PURSUANT TO THE AUTHORITY OF FAR 43 103(b)

* THIS SUJPPLEMENTAL AGREEMENT S5 ENTERED INT PRSANT TO AUTHORITY OF,

X Contract Clause 58, "Chanses"
O OTHER (SpWelytytpe af ,ndtiCafloaandotlr.iy)

E IMPORTANT Contractor is snot S s equired to sign this document and return .One..... Copies to thle issuing office
14 DESCRIPT ION OF AMCEMENTIMODIF iCAT ION (Offanuaed by UC~section headin~s. ,aebudmgbohicltatlonftleCbaabclI moilt? RA,1it t~aanale

Reference is made to Contract Clause 58 "Changes" of the above numbered contract for
"Construct±on of Dan &e Appurtenant Works, Phase II, Yatesville Lake, Kentucky".

Since an equitable adjustment in the contract price for "Removal of the top 5' of concrete
abutments on each side of the cellular cofferdam" has been determined, it Is necessary
and in the best interest of the Government to modify the contract In certain particulars
as follows:

E.Co) as0100,rftril le,-.. all firms111 on itions Of in* documenlt re9feence In111111 9A Br 10A. at heretofore Chtanged. remains unchianged and in full liete
And of ICI
ISA NAMIE AND TITLE OF SiGNEIS (Typo orPliIa 16C, 1TATN FIE (Tyeort 0Pnltf)

R. D. Stapleton, NNET . i)~A
Executive Vice President I-esUen Cnr'citing Officer

11B rDNTRIACTOR1COPFER.R 5C DAE SIGNEDjlBUNTDSAEOFMRIA 1 C DATE SIGNE

Ti- - 11/8/88 BY rahn. ." o C-necteng off.,)

30-105-02 STANDARD FORM 30(REV 10083
PREVIOUS EDITION UNUSABLE PI9IIIbe0 by GSA

FAR I411 CFRI 53 243

(R-23)



Page 2 of 2 Pages
Modification No. P00022Contract No. DACR69-86~C-O039

S. TURNER/klw/5331
Payment for all costs included in the removal of the top 5' ofconcrete from the cofferdami abutdents in accordance with the approvedblasting plan and distribution of the broken concrete in front of thecofferdam.

All work shall be in accordance with applicable provisions of the
contract and as directed by the Contracting Officer Representative.

ITEM 

UNIT
NO. DESCRIPTION 

QUANTITY UNIT PRICE AO UN TNew Mod. Removal of the top 1 Job Sum $5,065.00 $5,065.00P-00022-1 5' of concrete
abutments on each sidc
of the cellular
cofferdam.

The contract is increased in the amount of $5,065.00.
The time for completion remains unchanged.
It is understood and agreed that the adjustment provided therein

(.Oljstitutes compensation in full on behalf of the contractor and its
subcontractors and suppliers, for njl costs and mark-up direetly and
indirectly attributable to the change ordered herein, for all unchanged
work including impact, for all delays related thereto and for performanceof the changes within the time frame stated.

If the foregoing modification is acceptable, it is requested that you
sign in !ock 158, complete Blocks 15A and 15C of the form, and return the
original to our Yatesville Field Office: ATTN: Kenneth E. Zimmerzhn.

(R-261
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AMENMEN OFSOLCITTI~rJI0DIiCAI0N t \Q..Change Letters -"B'

AMN~AN~r-OICTAIw/C)IJCT OF 6CONYTRACT -m;TCD I 2F PAGE

2P0002Ef~i4O~FCTO 00. 3.FFEC L ,YE DAT 4. REGUISITIDOIPSIRCtAZE REC. No. E*PROJECT NO. 01" ;~iell

6..5 2 -E SYCD 7. AGMIISTF ED BY iffu, VuuiJimO5) CODEI
Huntington District
Corps of Engioeers
502 Eighth Street
Hutntington,, West Virginia 25701-2070

9 ftAikE AND A=OESS Of CONTRAC TOR (No, SOO-n C4.,rery. Siler. _rd zip C.") 9^I. AMENDMENT OF SOLICITATION NOO.

,The Lane Construction Corporation
965 East Main Stree t
4feriden, CK 06450 99. DAT E6 (SEE-ITEM MI

30A. MODIFICATION OF CONTRACTIORDER
NO0.

2 DACW9-86-C-0039

3081.DAITED (SEE ITAIH is)

CODE IFACILITY CODi 86 Feb 25
11 THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS

I] r. ~o~e~nce~u o:o ct~,Itrttede a se fot'It N~l14The fiour ar-d date spereid ll reea Pt o! OHS'Ss L1 tsexttlded. []0 i01 Cii-

ptended

Offers mist acheowledae fecept of th-samendiment prm to the hour Oddate sOcrified .n the sot.Ectatton ore &SAended. by ono o the follomerreethodes

(01 8. completing Items 8 and 15 and rotornmg -.......coptiesof 'het rrendmelt. (b) By aCknedrjng r erptof thissAmndment on ea riry of t-is aler
subtted or to' dv seoarate ltter or laertgrtwitch -rotes na ratrce totreiorrctatind iertdernt onberi, FAILURE OF YOUR ACe.NOWLECIG.

MENT To BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THlE HOUR AND DATE SPECIFIED MAY RESULT
IN REJECTION. OF VOJR OFFER if by ontoerf thsnendaten yndeur~elocharde an off" aready submritted such lctsonge my bettwby toietamor
letter proordac eaclt telegrm or fetter makes reference to the soroctstos an~d to mtr r entlt and is reoertrd PrI i t " 0Itilirni tboo and date strecfred

12. ACCOUNT ING AND APuPOuRIATION DAI A (it Ne~uttd)

FSN 96461 96X3122 CIS CE; MR BE YBC 04.lOCO 0000 0320 284
13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTSIORDERS.

IT MODIFIES THE CONTRACT/ORDER NO AS DESCRIBED IN ITEM 14
A TIS CHANGE CRDER is ISSSUED PURSUANT TD (Spcify auhofY) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CON-

TRACT ORDER ND. IN ITEM RCA.

B THE ABOVE NUIMBERED CONTRACT OROER IS MODIFIED TO REFLECT THE ADMINISTRATIVE C14ANGES (bsuch 04 oanse, in Paying offca

IC THIS SUFFLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF:

X Contract Clause 58, "Changes"

r--o one
E IMPORTANT Contractor Li is not, d.. is required to sign this documnt and return _ _copies to the issuing office
14 DESCR IPT ION OF AMENDMENT/MODIFICATION (organized by L'CFIrt, hodlf. IrJ.etdaatctS elorolalr matter rohe feaik.)

Reference is made to Contract Clause 58 "Changelt" of the above numbered
contract for "Construction of Dam and Appurtenant Works, Phase II,
sateavie Lake, Kentucky".

Since an equitable adjustment in the contract price for "Preparation o-
Alternate Borrow Area" has been deterii.ined, it ia necessary and in the beat
Sinterest of tbe Government to modify the contract in certain particulars as

C follows:

Erreln as ponlOd herein, all terms &Ao Genitions of the dtoumet frtened in Item 9A or RCA. at horstotor changag. remains unchlanged 0n0 in floIrce
and 0114.1.
ItA NAME AND TITLE OF SIGNER iType VA.D~I) 36A. NAME AND0 TITLE OF CONTRACTING OFFICER MTpe orpot)

pj 4 - fijj?,J KENNETH E. ZIMMERMAN
-I, ' l4/ Resident Contracting Officer

ISO CON'R~ R/FRRICDATER.GNED 168 UNITZO STATESOF AMERICA ICDATE SIGNE

rSd alum of person 0.1hlhoLied to. I (SiftunooacrgfirF /L'.'
NSN 7540 01-152 8070 30-105.02 STANDARD.'ORM 30 tRFV. 10 43)
PREVIOUS EDITION UNUSABLE Frribed by GSA

(R-27) FAR (48 CFR) 53.243



Page 2 of 2 Pages
Modification No. P00024

Contract No. DACW69-86-C-0039
S. TURNER/klw/5331

Payment for all costs included in the strip clearing of the alternate
borrow area for taking cross sections, physically taking the cross
sections, and restoring the areas disturbed by the contractors 2perations
and the Corps of Engineer testing consultants operations.

ITEM UNIT
NO_ DESCRIPTION QUANTITY UNIT PRICE AMOUNT

New Mod.
P-00024-1 Preparation of 1 Job Sum $12,214.00 $12,214.00

Alternate Borrow
Area

The contract is increased in the amount of $12,214.00

The. time for completion remains unchanged.

It is understood and agreed that the adjustment provided therein
constitutes componsation in full on behalf of the contractor and its
subcontractors and suppliers, for all costs and mark-up directly and
indirectly attributable to the change ordered herein, for all unchanged
work including impact, for all delays related thereto and for performance
of the changes within the time frame stated.

If the foregoing modification is acceptable, it is requested that you
sign in Block 15B, complete Blocks 15A and 15C of the form and return the
original to our Yatesville Field Office, ATTN: Kenneth E. Zimmerman

(R-28)
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Page 2 of 2 Pages
Modification No. P00025

Contract No. DACW69-86-C-0039
TUHNER/klw/5331

Payment for all costs included in the additional forming, furnishing and
placing the additional 6 inches of concrete thickness for the spillway
lining from the required minimum thickness of 1'-9" to the allowable limit

!of 2'-3" will result in increases in the quantities of Contract Items Nos.
81 and 132a and b for which payment will be made at contract unit prices.

As a result of the foregoing, the pay quantities for the three bid items
are increased as set forth below:

ITEM UNIT
NO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT

81 Concrete in inclined 64 CY $250.00 $16,000.00
leg foundation and
spillway lining

132 Portland Cement and

Pozzalan

a. Portland Cement 270.72 CWT 3.00 812.16

b. Pozzalan 45.89 CF 2.00 $ 91.78
$16,903.94

The contract is increased in the amount of $16,903.94.

The time for completion remains unchanged.

It is understood and agreed that the adjustment provided herein constitutes
compensation in full on behalf of the contractor and his subcontractors and
suppliers, for all costs and mark-up directly and indirectly attributable
to the change ordered herein, for all unchanged work including impact and
for all delays related thereto as a result of the claim submitted by the
contractor by letter dated July 7, 1988.

If the foregoing modification is acceptable, it is requested that you sign
in Block 15B, camplete Blocks 15A and 15C of the form and return the
original to this office (ATTN: CEORH-CT).

(R-30)
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Page 2 of 2 Pages
M odification No. PO00"6

Contract No. DACW69-86-C-0039
TUIfNER/jks/5331

Payment for all costs included in the cleaning and painting of all
embedded ferrous metals excluding corrosion resistant stvel or galvanized
steel below Elevation 635 in the Intake Structure. The embedded surfaces
are to be painted in accordance with paint system 6-A-Z, Coal Tar Epoxy.

As a result of this change, one new item will be established as set
forth below:

I TEM UNI1T
NO. DESCRIPTION O/ANTITY UNIT PRICE A4OUNT

N('w Mod. Painting E.beddcd I Job Sum $49,950.00 $49,950.00
P-0OO.b-1 metals below Elevation

635 in tire Intake Structure

The contract is increased in the amount of $49,950.00.

The time for completion remains unchanged.

It is understood and agreed that the adjustment provided herein
constitutes compensation in full on behalf of the contractor and his
subcontractors and suppliers, for all costs and mark-up directly and
indirectly attributable to the change ordered herein, for all unchanged
work including impact, for all delays related thereto and for performance
of the changes within the time frame stated. Also, it is understood and
agreed that the adjustment provided herein constitutes full dnd total
settlement of the Contractors Claim submitted by letter dated
16 June 1988.

If the foregoing modification is acceptable, it is requested that you
sign in Block 158, complete blocks 15A and 15C of the form and return the
original to our Yitesville Field Office, ATTN: Kenneth H. Zimmerman.

(R-32)
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(MEMORANDUM FOR RECORD - TRIP REPORTS

Date Subiect Date

07 Aug 86 Slurry cutoff wall .......................... S-64
07 Aug 86 Rock excavation at dam foundation ........... S-65
11 Aug 86 Slurry trench & dam foundation treatment .... S-66
29 Aug 86 Dewatering wells, slurry wall & rock excav.. S-69
23 Oct 86 Rock test fills and pits .................... S-70



12-04 COP PON.!CE (cent)

FM'-OAIDM FU : ECR - TRPESOTE (COlnt)
Date Subiect Rae

14 Nov 86 Slurry trench & sheetpiling ................. S-71
15 Dec 86 Slurry trench & cofferdam cell fil -......... S-73
27 Feb 86 Sheetpiling, deater. well vanels & slides.. s-74
05 Mar 87 Slides, dewatering -dell electrical panels... S-75
05 Aug 87 Spillway abutments & dam foundation ......... s-76
21 Sep 87 Dan foundation .............................. S-80
25 Sep 87 Dan foundation ..............................- 81
29 Sep 87 Broken zone & exploratory drilling .......... S-82
29 Sep 87 Broken zone in dan foundation ............... S-83
01 Oct 87 Exploratory drilling in broken zone ......... S-84
05 Oct 87 Broken zone in dan foundation ............... S-85
06 Oct 87 Broken zone in dam foundation ............... S-86
20 Oct 87 Broken zone in dan foundation ............... S-87
28 Oct 87 Foundation curtain grouting & broken zone... S-88
28 Oct 87 Dan found., left abutment & bench el. 635... S-90
28 Oct 87 Broken zone in dam foundation ............... S-91
29 Oct 87 Dan foundation, left abutment ............... S-98
03 Nov 87 Foundation curtain grouting & dam found ..... S-100
04 Nov 87 Foundation curtain grouting ................. S-101
16 Nov 87 Foundation curtain grouting ................. S-102
18 Nov 87 Foundation curtain grouting ................. s-105
01 Dec 87 Foundation curtain grouting ................. S-106
04 Dec 87 Foundation curtain grouting ................. S-107
14 Dec 87 Foundation curtain grouting ................. S-!08
18 Mar 88 Dental concrete ............................. S-109
19 Apr 88 Foundation treatment of water seepage ....... S-110
06 Apr 88 Dam foundation .............................. S-112
18 Apr 88 Removal & treatment of 8" standpipe & shale. S-113
18 Apr 88 Foundation treatment of shale seam .......... S-116
21 Apr 88 Foundation treatment of shale seam .......... S-117

(I!



Kay 5, 1986

Cortruction Division
Yates' ille Lake

SUB EC : Contract No. DACW69-86-C-0039, Construction of Dam and
( Appurtenant Works, Phase II, Yateaville Lake, Kentucky -

Seisngraph Si l, and Resumes for Seismic
Speclalists

The Lane Construction Corporation
! P.O. Box 566

Louisa, Kentucky 41230

Gentlemen:

Reference your proposal dated May 1, 1986 requesting using
the safeguard seis=Ic unit 1000 and the resUmes for the two
seismic speciali3st. Both are approved subject to satisfactory
performance.

Sincerely,

RAY K. BOLEY
Resident Engineer
Authorized Representative of
the Contracting Officer

CF:
ORniSU
ORHCD

" 1ORHCD-YBC, wd

LI
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'-DEPARTMENT OF THE ARMY
HUNTWGTOH RMIr=. CORPS OF EUGUURS

502 EiGmTH STREET

MGTO#N, WEST VINGCMA 2S701-2070
May 13, 1986

UPLY TO

and Suppl=y Division

Contract No. 69-86-C-0039 for Dam ard Aurtenant Works,

1~A~ ~'Phase II, Yatesville lake, FentukJy

lawe Consttio Corporation
965 East Main Street
Mariden, Connecticut 06450

Gentleme-n:

This is your notce to proceed with the work under the above
referenced contract.

Work under this contract :ust start within ten (10) calendar

days and be completed and ready for use not later than eighteen
hundred (1800) calendar days after the date of receipt of this
notice to proceed.

It is requested that you acknowledge receipt of this notice
to proceed in the spaces provided below, retain a copy and return
a copy to this office. The date of acknowledgment is to be the
date the notice to proceed was actually delivered and received by
YOU-

Sinceely, j

Colonel, Corps of Engineers
Contracting Officer

Receipt is ackrrmledged this _Ldt yof L 1986 of
Contract No. DAC69-86-C-0039, Notace to Proceed.

(By __ _

09 L9

(S-Al

L#



____L/AINIE
CONSTRUCTION CORPORATION

GENERAL OFFICE: MERIDEN. CONN. 06450

OA11(1 P.O. Box 566, Louisa, KY 41230 May 20, 1986

Mr. Ray K. Boley, Resident Engineer
Yatesville Resident Office
P.O. Box 1101
Louisa, KY 141230

Re: Excavation Plan
Contract DACW 69-86--0039
Letter No. YD014

Gentlemn:

Attached is our excavation plan for the above referenced project.

If you should have any questions or cmments please contact the
writer of our field office.

Very truly yours,

IE LANE CONSTRUCTION CORPORATION

J.O. Hughes

Superintendent

Encl.

cc: Meriden
HWR
JOH

RAH

Pile

0)

LY~



S C h).L -.:At-SX AVA 1 JCL

(S4



,,__ LAIN! _ _
CONSTRUCTION CORPORATION

GENERAL OFFICE: MERIDEN, CONN. 06440

(ii ,,s~opwer OATE.

P.O. Box 566. Louisa, KY 41290 T,,n, A 1q91

Mr. Ray K. Boley, Resident Engineer
Yatesville Resident Office
P.O. Box 1101
Louisa, KY 41230

Re: Temporary Diversion of Blaine Creek
Through Existing Conduit
Contract No. DACW69-86-C-0039
Yatesville Lake Dam
Letter No. YD-029

Gentlemen:

Reference our Letter No. YD-024 and your telephone conversation of
June 4, 1986 with our Mr. H.W. Reitz concerning the temporary diversion
of Blaine Creek through the existing conduit.

Attached please find a sketch showing the approximate location of
the temporary diversion dike that we propose to install in order to divert
Blaine Creek through the existing conduit. The dike will have a 15 foot
wide berm to elevation 585, and will have upstream and downstream slopes
of 2 horizontal to 1 vertical.

After the temporary dike is constructed and water diverted through
the tunnel, the permanent dike will be built to EL. 588. Once the
diversion channel has been excavated below El. 580, the permanent diver-
sion dike will be constructed to EL. 602.

If you have any questions or require more information on this matter,
please contract our field office.

(I Very truly yours,

THE LANE CONSTRUCTION CORPORATION

J.O. Hgh

Superintendent

cc: Corps of Eng. (2)
Meriden
HWR
RAH
DCW (S-5)
JON
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CO NSTR UCTION W-COR PO RATIO N

GENERAL OFFICE: MERIOEN. CON04. W

C P.O. Box 566. Louisa. KY 41230 , 19. 19:96R

Mr. Ray K. Boiey, Resident Engineer

Yatesville Resident Office
P.O. Box 1101Louisa, KY 41230

RE: Coarse Material for
Slurry Wall Backfill
Contract No. DACW69-86-C-0039
Yatesville Lake Dam
Letter No. YD-040

Gentlemen:

Please find accompanying a sample of the coarse material that our
subcontractors is proposing to use as part of the mixture for slurry
wall backfill on the above referenced project for your approval.

Also attached is a gradation for the accompanying material, along
with the material source.

If you require any more information or samples please contact our
field office.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

Superintendent

cc: Meriden

HWR
RAN
JOH
File(-

(s-0)
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CONSTRUCTION CORPORATION

GENERAL OFFICE: MERIOEN, CONN. 06M

P.O. Box 566. Louisa. KY 41230 June 25. 1986

Mr. Ray K. Boley, Resident Engineer
Yatesville Resident Office
P.O. Box 1101
Louisa, KY 41230

Re: Embankment for Slurry Wall and
cofferdam installation
Contact No. DACW69-86-C-0039
Yatesville Lake Dam
Letter No. YD-046

Gentlemen:

Typical section A-A on sheet 52/17 of the contract drawings
indicates methods for installation of the slurry wall and cellular
cofferdam when excavation is required prior to commencing work.
Typical sections on sheet 52/15 show similar details.

However, we have been unable to find the item of work and
method of payment for the areas where embankment must be placed
prior to the Installation of the slurry wall or cellular cofferdam.

We suggest that either impervious or random fill be placed in
these areas in order to accomodate the slurry wall and sheet
piling installations.

Please advise.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

Superintendent

cc: Meriden
HWR
RAN c
WRI!.:*H~U
JON
File CP v ,

(S-9)



June 25, 1986

Construction Division
Yatesville Lake

SUBJECT: Contract No. DACW69-86-C-0039, Dam and Appurtenant
Works, Phase II, Yatesville Lake, Kentucky -
Classification of Fill Material

The Lane Construction Corporation
P.O. Box 566
Louisa, Kentucky 41230

Gentlemen:

As requested by your letter of June 25, 1986, classification
of the fill material, not designated on the contract drawing,
between the up stream diversion dike and the cellulor coffer
dam is random backfill Item No. 33.

Sincerely,

RAY K. BOLEY
Resident Engineer
Authorized Representative
of the Contracting Officer

CF:
ORHSU
ORHCD( ORHCD-YBC,wd

(s-jo)



ORHCD-YBC 25 June 1986

MEMORANDUM FOR RECORD

SUBJECT: Contract No. DACW69-86-C-0039, Dam and Appurtenant
Works, Phase II, Yatesville Lake, Kentucky - Slurry

( Wall Backfill

A sample of course material, submitted by the Contractor for
use as a portion of the slurry wall backfill was examined and
approved by Dan Boster, Jerry Phelps and Steve Hombeck, this
date. Attached is a testing report on the material.

ARY K. OLEY
Attach Resident Engineer
as

CF:,

ORHCD
,-,RHCD-YBC,wd

(S-1l)



CONSTRUCTION CORPORATION

GENERAL OFFICE: MERIDEN. CONN.06

P.O.Box 566, Louisa, KY 41230 June 25, 1986

Mr. Ray K. Boley, Resident Engineer
Yacesville Resident Office
P.O. Box 1101

Louisa, KY 41230

RE: Slurry Cut-off Walls
Contract No. DACW69-86-C-0039
Yatesville Lake Dam
Letter No. YD-047

Gentlemen:

Reference your letter of June 24, and our meeting of June 25, 1986.

Attached you will find submittal information from our subcontractor,
McClelland Services, Inc. for item 7, tslurry cut-off walls on the above
referenced contract.

If you have any questions on this matter please contact our field
office.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

J.0. Hugufs

Superintendent

el

cc: Meriden
HWR
RAH
WRH
JOlt 26 2
File

(S-12)



SUBMITTALS FOR YATESVILLE DAM SLURRY CUTOri WALLS

Page 1 of 2

ITEM SECTION PAGE SUBMITTAL

19.3 2C-27 Mr. Havis Dunn of Slurry Services International, Inc. (SSII)
of Crossett, AR, will be the "Slurry Trench Specialist"
while Pete Schuessler will be the "Mud Engineer" for this
project. With their extensive experience and knowledge of
slurry wall construction, Mr. Dunn and Mr. Schuessler will
able to serve quite well in these capacities for a slurry( wall project of this size.

Mr. Dunn (see Attachment No. 1) has over 40 years of
construction experience. He has specialized in slurry
systems for groundwater control for the past 20 years.
He is widely recognized in the construction and engineering
professions as a pioneer and expert in the design and
construction of slurry walls and cutoffs. Since 1975,
Mr. Dunn has been President of SSII. Since he formed SSII
the company has completed successfully about 25 projects
ranging in size from $75,000 to $500,000. These projects
included slurry cutoffs for temporary and permanent ground-
water control forlocks, dams, pumping stations, hazardous
waste confinements, and excavations for various structures.
His involvement in these projects included estimating, plan-
ning, and in many cases direct supervision of construction.
Attachment 1 is a list of slurry cutoff projects in which
Mr. Dunn has participated as a consultant, construction
supervisor, or contractor.

Mr. Schuessler served as the "Mud Engineer" during con-
struction of a slurry trench at Lock and Dam No. 13 on the
Arkansas River.

2 21.1 2C-27 Sodium Bentonite for the slurry cutoff walls will be
"Slurry Mud 90" supplied by Federal Ore & Chemicals, Inc.
of Belle Fourche, SD. Attachment 2 is a sheet from the
supplier showing its general properties. Test reports on

the specific materials mined for this project will be
shipped with the materials and will be furnished to the
COE at that time.

3 21.2 2C-28 The slurry will be tested in compliance with the applicable
parts of API Standard 13B.

4 21.4 2C-28 The soil-bentonite backfill will be mixed on site using the
concrete batch plant currently on location. It will blend
find materials from the site, coarse materials brought in
and 5% bentonite mix such that the final mixture falls
within the required gradation band.

(S-13)
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5 21.4 2C-29 Beca" the sol renronlre bzakfi ll- be a l=, tre iudig
on-site : .te 'als, -re rake exception to the tcene=ezz to
furnish i 100-lb snple In advance. Gradation tests winl be
run on rest batches to sec up the concrete batch plant operation,
and will be run at regular intervals thereafter (for each 50 ca
ft of fill as specified in Sec 28.2.2/

6 22.1 2C-29 1r is planned to excavate the slurry trenches using a large
track-hoe, capable of full width and depth in a single pass.

7 22.5 2C-30 The slup of sa=ples of the soil-benroaice backffll will be
tested in general ccnpliaace with ASIH C143-78.

8 23.2 2C-30 Probing of the depth of the slurry trench will be acco-plished
with a 5-lb (or =ore) weight artached to the end of a 50-ft or
100-ft steel tape. The depth fo the slurry trench will be
=easured to within 0.1 ft. and will be translated to a known
bench ark to obtain the elevation of the borto- of the slurry
trench.

9 29.0 2C-33 At this time, .iraft 600X is the intended geotextile to be
used for treatnent of the tip of the slurry cutoff walls.

(S-14)
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Specific Industril Applicat~on where a minimm
90 barrel yield matarial Is required.

tYp CalYield SlU y Mud 90 will yield a minimum ofgo barrels
of fild to one ton of cay.

Spe lCatIO Conforms to A.P.I. (American Petroleum Institute) speclications

Typical A.P.
Analysis Speclflutn

Fann 600 Reading 35.0 cps 30.0 cps min.
Fann 300 Reading 25.0 cps
Plastic Viscosity 10.0 cps
Yield Point (lb. per 100 sq. f,) 15.0 3 X Plastic Via. max.
Apparent Viscosity 17.5 cps
Filtrate 13.5 ml. ' 15.0 mil.. max.
Dry Screen Analysis

(% Minus U.S. 200 Mesh) 80.0%
Wet Screen Analysis

(% Retalnedon U.S. 200Mesh) 2.5-3.0% 4.0% max.
MoIsture at time of shipment 7.0-9.0% 10.0% max.
pH 9.0-10.0
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June 30, 1986

Construction Division
Yatesville Lake

C, SUBJECT: Contact No. DACW69-86-C-0039, Dam and Appurtenant

Works, Phase II, Yatesville Lake, Kentucky-

Temporary Diversion of Blaine Creek

The Lane Construction Corporation
P.O. Box 566
Louisa, Kentucky 41230

Gentlemen:

This is to confirm verbal approval, given to Mr. Jim
Hughes on June 17, 1986, of your plan to temporarily divert
Blaine Creek through the outlet works. As agreed, after the
diversion is complete the stilling basin will be dewatered,
cleaned out, inspected, and repairs made, if necessary.

Sincerely,

RAY K. BOLEY
Resident Engineer
Authorized Representative of

the Contracting Officer

CF:
ORHSU
ORHCD
ORHCD-YBC,wd

(S-17)



July 7, 1986

Construction Division
atesville Lake

SUBJECT: Contract No. DACW69-86-C-0039, Dam and Appurtenant
Works, Phase II, Yatesville Lake, Kentucky -
Bottom Ash

The Lane Construction Corporation
P.O. Box 566
Louisa, Kentucky 41230

Gentlemen:

The bottom ash, from Kentucky Power Company, you proposed
for use as cell fill in your letter of May 16, 1986 and samples
submitted with your letter of June 27, 1986 have been tested
and is of acceptable quality.

The material is accepted as cell fill subject to the
specified gradation requirements.

Sincerely,

RAY K. BOLEY
Resident Engineer
Authorized Representative of

the Contracting Officer

CF
ORHSU
ORHCD
.-ORHCD-YBC,wd

(#-18)



OR4ED-DG (ORHCD-YBC/21 May 86) (32/COR-156)
3J~j.hCT: Contract No. DACW 69-86-C-0039, Dam & Appurtenant Works, Phase

II, Yatesville Lake, KY - Proposed Source for Item 10 - Cell Fill

TO: ORHCD FROM: ORHED DATE: 24 Jun 86 CMT
Mr. Copher/law/52 0j

1. The material proposed, for the cofferdam cells at Yatesville is a b-
product of coal-fired generating plants and is known as "bottom ash."' The
material furnished to- ORHED-GS and tested by ORDL was from the AEP facility

( near Louisa, Ky. The botton ash sampled and tested appears to be
predominantly glassy materials witn a gradation approximating that of a
"typical" concrete sand. The material tested was within gradation limits
established by the specifications; however, data sheets furnished by
Kentucky Electric Power for typical samples indicate variation in the -200
sieve size that extends outside the range allowed in the specifications.
Consequently, in terms of gradation, the material may have to be processed
or blended to meet the gradation requirements.

2. Because a "natural" material was considered when the specifications
were being written and during the design phase, the rather low specific
gravity of the bottom ash was of concern. The natural Gs would have been
in the range of 2.7t but the proposed bottom ash has a Gs of approximately
2.2. Structural Section of Design Branch investigated the effect of this
lower Gs on cell stability by using a cell-fill dry weight of 80 PCF. The
assessment of the material with respect to this concern is that the weight
of the material is not critical, provided it is within that range that
would be expected for Gs = 2.21, and further, that the angle of internal
friction (0) remains at or above 300.

3. In order to evaluate the angle of internal friction of this material, a
direct-shear "s" test was performed at ORDL. The material was tested in a
loose state to simulate the limited compaction as allowed in the specifica-
tions. Normal pressures were appropriate for a range of pressure from Just
below th material surface to approximately 60 feet of depth. The single
s-test, consisting of three points, indicates that the 0 parameter is 370
and that the C parameter is 0 psi. This result appears consistent with the
gradation and expected drainage characteristics and should be valid for the
loading conditions expected.

4. It is therefore concluded that this type material is acceptable as long
as the specified gradation is maintained.

1EVANDE
Chief, Engineering Division

(S-19)
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July 9, 1986

Mr. Ray K. Boley, Resident Engineer
Yatesville Resident Office
P.O. Box 1101
Louisa, KY 41230

Re: Value Engineering Contracting Proposal
Yatesville Lake Dam
Contract No. DACW69-86-C-0039
Letter No. YD-055

Gentlemen:

Attached is a proposal from McClellan Services, Inc. to install the
slurry wall in one stage construction on the referenced contract.

in addition to McClellan's proposal we propose to cap the slurry
trench in the diversion channel side and bottom slope with stone slope
protection 12 ft. wide by 2 ft. deep to prevent erosion and possible
damage co the integrity of the slurry wall, while Blaine Creek flows
through the diversion channel. Prior to placement of the impervious
material in the diversion dike the slope protection will be removed.

In accordance with FAR 52.248-3 we request your approval of the
technical aspects of the proposal, even though an agreement on price
reduction has not been reached, by issuing a notice to proceed with
the change.

You can be assured that:

1. The government will not incur any additional costs because of
implementation of this approval.

2. The government will realize a reduction in the contract price
by an instant contract savings.

3. The government may realize "Collateral Savings" by one stage
construction of the slurry wall.

EQUAL OPPORTUNITY EMPLOYER M/F

(S-20)



Value Engineering C ractor Proposal

We request your response to this proposal prior to 25 August 1986.
Also this proposal was previously alluded to in our Letter No. YD-032dated June 9, 1986. However per your letter of 24 June 1986 the phasing
changes from the specified procedures are being submitted separately.

Your favorable response to this proposal will be appreciated.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

H.W. ReitzX ./

District Manager

dl

Attach: McClellan 7/3/86

cc: Meriden
McClellan
HWR
RAN
JON
File

C

(S-21)



McClelland services, inc.
GEOTECHNICAL CONSTRUCTION SERVICES

1601 Dielman Road, P. 0 Box 28232
St. Louis, Missouri 63132. (314) 993-1463

July 3, 1986

C:
The Lane Construction Corporation
Post Office Box 566
Louisa, Kentucky 41230

Attention: Mr Jim Hughes, Project Superintendent

Subject: Value Engineering Change Proposal
Yatesville Dam Slurry Cutoff Walls
Contract No. DACW69-86-C-0039

Gentlemen:

This value engineering change proposal is being submitted for evaluation
of its technical acceptability. We will submit a cost estimate separately.

The existing contract, with reference to the construction of the slurry
cutoff walls, requires the following general construction sequence on Drawings
019C-YBC-9-52/6 and -52/7.

STAGE I

1. Excavate diversion channel.

2. Excavate diversion ditch.

STAGE II

1. Divert Blaine Creek through diversion channel.

2. Place upstream fill to El 590, construct upstream slurry cutoff wall,
and construct a segment of the downstream slurry cutoff wall.

STAGE IV

1. Construct intake structure to El 619 (min) and place stone slope
protection.

STAGE V

1. Divert Blaine Creek through diversion tunnel.

2. Construct the remaining segment of the downstream slurry cutoff wall.

(S-22)



EI
McCkejland servIces, Inc.
VECP - Yatesv 1e
July 3, 1986 UL?
Page 2

The proposed contract revisions will allow construction of the slurry
cutoff walls in plan as specified with the following modification to the
general construction sequence relative to the slurry cutoff wall installation
shown on Drawings 019C-YBC-9-52/6 and -52/7:

STAGE I

1. Construct intake structure to El 619 (min) and place stone slope
protection.

2. Excavate the diversion channel and ditch as shown, leaving a plug of
natural materials in the downstream end, similar to the downstream
plug to be placed later. A smaller dike will be left or placed in the
upstream end of the channel such that the flow in Blaine Creek will be
diverted through the diversion tunnel.

STAGE II

1. Place upstream fill to El 590, construct the upstream slurry cutoff
wall, then construct all segments of the downstream slurry cutoff wall.

2. Excavate the downstream plug to the depth and lines shown for the
diversion channel, thus excavating with the plug a portion of the
downstream slurry cutoff wall. The upstream dike will then be removed
such that the creek flow is diverted through the diversion channel as
planned.

STAGE V

1. After the Stage V downstream dike has been installed in the diversion
channel, that portion of the slurry wall which was excavated out of the
channel in Stage II will be reinstalled in a manner similar to that
previously utilized. Caution will be exercised during the installation
to insure that the old and new slurry wall segments overlap
sufficiently to form an adequate seal.

The proposed construction sequence revisions' will eliminate a significant
part of the remobilization which would have been required to install the Stage
V segment of the downstream slurry cutoff wall, and will result in a reduction
in cost to the Government. The sequence changes will impose some additional
risks to the contractor, in that if a major flood occurs while the diversion
channel is temporarily plugged such that the diversion tunnel will not pass
the flow, the upstream plug will be breached, and the Stage V branch of the
Ourry cutoff wall will have to be repaired.

3s23



tMcCleland services, Inc.

VECP - Yatesville JUL 7 1oo6
July 3, 1986
Page 3

The proposed modification of the general construction sequence relative to
the slurry cutoff wall installation will require the previously noted
revisions as well as those listed below:

1. Drawing No. 019C-YBC-9-52/6

STAGE I - The drawing should be changed to show temporary upstream and
downstream plugs in the diversion channel and an upstream plug in
Blaine Creek.

STAGE II - The drawing should be changed to show the temporary
upstream and downstream plugs In the diversion channel as in Stage I
above; and the branch of the downstream slurry wall, which had
originally been scheduled for installation during Stage V, should be
displayed in the Stage II drawing.

STAGE III - The drawing should be changed to show all of the segments
of the downstream slurry wall completed.

STAGE IV - Same changes as in Stage III.

2. Drawing No. 019C-YBC-9-52/20

a. The words "centerline Phase V cutofi dike and slurry wall, top El
589.0" should be- change to read "centerline branch of downstream
slurry wall and Phase V cutoff dike, top El 589.0".

b. The words 'branch of Phase II slurry wall (to tie into Phase V
slurry wall)" should be changed to read "Branch of downstream
slurry wall".

c. The words "centerline Phase II slurry wall and diversion dike"
should be changed to read "centerlipe downstream slurry wall and
diversion dike".

3. Drawing No. 019C-YBC-9-10/74

a. The words "end of Phase I slurry wall" should be changed to readt"end of downstream slurry wall",

b. The words "0+00 continuation of 'hase I slurry wall - beginning of
branch of Phase II slurry wall a 4+30" should be changed to read
"0+00 continuation of downstream slurry wall - beginning of branch
of downstrean slurry wall at 4+30".

(S-24)



• •
mcen services, imc U? 18
VECP - Yatesville July 1988
July 3, 1986A
Page 4

4. Drawing No. 019C-YBC-9-10/75

a. The words "end of Phase V cutoff dike and Phase I slurry wall'should be changed to read "end of branch of downstrean slurry wall
and Phase V cutoff dike".

b. The words "end of branch of phase II slurry wall - begin cutoff
dike - begin Phase II slurry wall" should be changed to read "begin
cutoff dike'.

c. The words "begin branch of Phase II slurry wall' should be changed
to read "begin branch of downstream slurry wall'.

d. The words "begin Phase I and II slurry wall' should be changed to
read 'begin downstream slurry wall".

Implementation of this VECP will result in no additional costs incurred by
the Government for such items as test and evaluation costs and operating and
support costs. Additionally, the Government's collateral costs will not be
affected. A contract modification accepting this VECP should be issued as
soon as possible to allow the immediate implementation of this proposal by the
contractor, who is scheduled to begin the slurry wall Installation on or about
July 21, 1986. Should delays be encountered in implementing this proposai.
the cost reduction to the Government could be lost since the slurry wall
construction phase is expected to last only 6 weeks. Acceptance of this
proposal will not lengthen the contract completion time.

Sincerely,

McCLELLAND SEVICES, INC

G RichArd Bird, PE
President

SAM:GRB:klg

(S-25)
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McClelland services, inc.
GEOTECHNICAL CONSTRUCTION SERVICES

1601 Dielman Road. P. 0. Box 28232
St. Louis. Missouri 63132. (314) 99-1463
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DISPOSITION *ORM

TO ZA) O3BCD-Y3CAT 31 July 1986 CT
Boleylnvua

1. Attached is the Courractor's revised Value Engineering Proposal for perfort-ing the
slurry trench work in one anbilizario.

t 2. The Contractor proposes while 31-4ne Creek is Aiverred tbru the outlec works to
construct all slurry walls shown on the drawings. After the Stage V Section is installed
the Contractor proposes to excavate the plug from the diversion channel and protect the
slurry vall exposed in the channel in accrdance with his sketch. After the intake is
ca~plered to elevation 619 and Blaine Creek is diverted thn the Outlet. works the slurry
wall would be exposed and the inpervious dike would be constructed across the channel.

Attach ReietEngineer
as

FORM 
(S-29)
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_______L/AIII ____
CONSTRUCTION CORPORATION

GENERAL OFFICE: MERIDEN. CONN. 06460

P.O. Box 566, Louisa, KY 41230 August 22. 1986

Hr. Ray K. Boley, Resident Engineer
Yacesville Resident Office
P.O. Box 1101
Loaisa, KY 41230

Re: Bontonite Certifications
Contract No: DACW69-86-C-0039
Yatesville Lake Dam
Letter No. YD-078

Gentlemen:

Attached you will find four copies each of the laboratory

test results and supplier's certification for bentonite that will
be used in construction of the slurry cut-off walls on the above
referenced project.

We hope this meets with your approval.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

J.O. Hug e
Superintendent

clb

cc: 4ERIDEN , .

HWR . . -"

RAH
WHIl
JON
FILE

f G1;86 a
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LER OF TRANSM17RAL M~eln

TO: The Lane Construction Corporatipnl M: McClelland Services. Inc.
Post Office Box 566 1601 Dielman Road
Louisa, Kentucky 41230 "' I P.O. Box 28232

, St. Louis, Missouri 63132
,'* (314) 993-1463

Ar..,,NTIO. Mr Jim Hughes, Project Superi it u

We are sending you, G herewith Olseparatelyvia _______________________the

following items: E3
0l Reports 0l Prints El Boring Logs 0l Specifications El Calculations 0l Copy of Letter

Copies Date or Number Description

4t Bentonite Certification and laboratory analysis for Rail Car
CNW 169071

These a re transmitfed- Remarks:

El As Requested

El As Requested By:

El For Your Information and Use

"l For Your Action

El For Your Files

El For Approval

El For Review and Comment

El As a Correction to Our Report. Dated ______

El Resubmit Copies for Approval

0 E Submit Copies for Distribution

El0 ________________

El Returned After Loan to us

El Please Return

cc: Scott Matthees.

I' Reply Requested



* LABOF#TORY ANALYSIS ,
E DERAL 137 Fifth Avenue ATFTESTEDBelle Fourche. SD 57717 TTET

ORE & CHEMICALS, INC A/C 605 892-2743 - If

SHIP TO

SOLD .TOI

L -i L-

NOTE: Our data lot the above shipment shows the fllowing test results:

LABORATORY TEST RESULTS LABORATORY TEST RESULTS

Fann 00{ 7

1Farmn300 8

I H20 9

10
FEDERAL BENTONITE

SIGNED

Should you have any questions or require additional information please let us know.

CUSTOMER COPY

-- (S-32)



(" McClelland Engineers
P.O. Box 28232
St. Louis, MO 63132

REFERENCE: McClelland Project, T.B.S. Terminal, Charleston, WV
SUBJECT: Certification of Material Specification
TRUCK NUMOER/NAmE: Opj , I ((7 1
Having reviewed Materials Specification, Section 13A, Eighth Edition, American
Petroleum Institute, in Its entirety, Federal Bentonite has conformed to all testdata requirements for Slurry MuJ090 sodium bentonite.
CHEMICAL ANALYSIS: A layered silicate mineral typically represented by the

following formula:

(AL1.63 Fe.1 7 M9.25 ) (AL.07 Si3.93 ) 010 (OH)2  (Na.24 Ca .04)

LABORATORY TEST RESULTS 
TEST DATA

I. Finn 600 (Initial)
2. Fann 300 (Initial)
3. H204, Filtrate
5. Barrel Yield 

R MinlT.m
This information and data contained herein are believed correct when the recom-
mended material is applied In accordance to the I ines, grades, and cross sectionsas indicated and approved by the Design EngIneer. We do not warrant by implica
to or expressly the accuracy thereor. in presenting uses forthi r dut o
attp. deen me to discuss applicable limited warranties, expressed or

imp) ied.

Very truly yours,

Manager, Technical Services

DH:MLJ/ra 
Filtrate Data will be given with 1

~aged results.

~(S-33)
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February 3, 1987

LANE CONSTRUCTION CORPORATION Pcq\
j Yacesville Dam Field Office

P.O. Box 566
Louisa, Kentucky 41230

Attn: r. Bob Housel RE: Yatesville Lake Dam
Contract DACW69-86-C-0039
Sheet Pile Cofferdams

Gentlemen:

This letter replaces our letter dated July 28, 1986 concerning the
extra plate on the sheet pile Wyes.

Our shop drawing number 8632-i was returned to us with a note to add
a 1/2" x 14" plate to the back of the 30 Deg. Wyes. We made this change
and resubmitted our shop drawing per your request.

This plate is not shown on the contract drawings and therefore we did
not include its cost in our bid. We feel this plate should be an extra
to our contract.

This plate adds 38,794 lbs. at an average unit cost to us of $82.57/CWT
for the lengths ordered, for a total cost increase of $32,032.00. This

is the price we must pay Bethlehem Steel and includes the plate material,
cutting and drilling the plate, welding the plate to the sheet piles, and
freight to the job site.

We hereby request a:n extra to our contract of $32,032.00 to cover the
cost of this extra plate.

Your attention to this matter is greatly appreciated. If you have any
questions, please contact the writer.

Very truly yours,

f RICHARD GOLTTLE, INC.

William S. Heckman
Project Manager

12071 HAMILTON AVE CIN j 5 TI, OHIO 45231 (513) 825-8100



February 10, 1989

Construction Division

Yatesvile Lake

SUBJECT: DACW69-86-C-0039, bam and Appurtenant Works, Phase II,
Yatesville Lake, Kentucky

The Lane Construction Corpbration
Post Office Box 566
Louisa,' Kentucky 41230*

Gentlemen:

Reference is made to my letter dated September 23, 1988,
requesting a proposal for performing remedial work on the
Spillway Walls and your' proposal dated October,12, 1988 for this
work. t, . , . ., . , , , , ! I

. A

It has been determined that this work will not be prosecuted
at this time; therefore no negotiation for this work will be
conducted.

Your participation in the submittal of a cost proposal for
the proposed work is appreciated. " .

Sincerely;.

'Kenneth E.' Zimmerman,

Resident Engineer

"Authorized Representative of
'the Contracting Officer

Copy Furnished:

The Lane Construction Corporation'
965 East Main Street

" Meriden, Connecticut 06450 • , .
CEORH-CT ,. .
CEORH-CD
CEORII-CD-YBC, wd

(S-35)



March 10, 1987

Construction Division
Yatesville Lake

SUBJECT: Contract No. DACW69-86-C-0039, Construction Dam and
Appurtenant Works, Phase II, Yatesville Lake, Kentucky -

Boulders or Rocks Encountered in Pile Driving Operations

Lane Construction Corporation
P.O. Box 566
Louisa, Kentucky 41230

Gentlemen:

In regard to your letter number YD-119 claiming Differing
Site Conditions for large rock encountered in driving piling for
cellular cofferdam, the following is referenced.

1. Specifications - Division 2, Section 2C, Paragraph
2.2.1.1 "The existence of some gravel, cobbles. boulders, and
float rock must te anticipated and reckoned with in constructinq
the slurry cutoff walls. installing the dewatering and predrainage
wells and driving the sheet Piling for the cellular cofferdam."

2. Specification - Division 2, Section 2E, Paragraph 11.2.1
"should obstructions restrict driving a piling to tne specified
penetration, they should be removed or penetrated with a chisel
beam. If the Contractor demonstrates that removal or penetration
is impractical, he shall make such changes in design alignment of
the piling structure as directed by the Contracting Officer to
insure adequacy and stability of the structure."

The Specifications indicate the existence of cobbles and
boulders and also indicated procedures for when they are
encountered in the pile driving operation. These procedures were
actually used in the installation procedure.

(S-36)



I therefore, deny any entitlement to additional costs, butYOU may appeal this decision by a request to the ContractingOfficer for his decision.

Sincerely,

(RAY K. OE
Resident Engineer
Authorized Representative of

the Contracting Officer

CF:
ORHCT
ORHCD
ORHCD-YBC, wd

(S-37)



O7EDDG'SUBJECT3 Modification of Contract No. PAC:W69-Z

86-C 0039 Constr.uct ion of Damn and Appurtenant
.,.;Work,' haseIIIYatev~le Lae, entucky'

TOORHCD 'FROM CQRHED Y DATE 6 Apr a7 CMT 1,

- . -Mr. Copher/5220

It is requested that the' subject contract ,be'modified to raise the
c lavations of th'lcrclpanels for the dewatering -wells upstream of
the cofferdam. Th eae ;dectrical panels should be- located at or above
elevation 619. Thisl xholi4e-pcomplishpd by,r~nning i 0u,cable to
the nearest intersect~oy7 of,(Wfferdam'cell and connecting Arc-,1T 0
,cable shoul.d th n, 60 hou ed'.in 4 conduit and run."to the-top 4 th
cofferdam.'- The electrical panel should be placed on a 2-incil~tal post ,

at a convenient height f'or IreAding. The post should be put 4* a -sleeve
in the -oncrete& for- easy -ramoval.dmring overflow.: 'AllI cablit -'
elect rical'connect i orsr 'should be waterproof.

-A "~fety table should,. be .onstructed to the panels by placing *xmxlarly
removable rteel posts'in sleeves in the concrete with a 1/2-inch-cable
connecting the posts. The posts should be spaced'on 50' centers.

a. This modification is a result of the 6 November 1986 Safety Meeting
held at the job site and is necessary in order to provide continuous
operation of the dewater~ng wells during flood events in Construction
Stages IV and V.' In thee event of overtopping of the cofferdam, the
panels and safety cable can be removed to prevent collection of drift.

3. Any contract drawings affected by this change should be corrected on
"As Constructed" Drawingu.

CHARLES E. VANDEVELDE, P. E. -

Ch'i a f, Enginaerjng.Division

WADDELL',?-D

bRHP-OS

- ~ ~ ~ NAau-

P'IT9'."



'April -13, 4987

Construction Division -

Yatesville Lake

SUBJECT: Contract No. DACW69-86-C-0039, Dam and Appurtenant
Works, Phase II; Yatesville Lake, Kentucky - Sheet
Piling . . . -

-The Lane Construction Corporation
Post Office Box 566 -, -
Louisa, Kentucky 41230

Gentlemen:

In response to your letter number YD-119-2, dated April 2,
1927 the following is referenced:

Specification Section 2E, Paragraph 11.2.1 states: "Should
obstructions restrict driving a piling to the specified
penetration, they should be removed or penetrated with a chisel
beam. If the Contractor demonstrates that removal or penetration
is imptractical, he shall make such changes in design alignment of
the piling structure as directed by the Contracting Officer to
insure the adequacy and stability of the structure."

The restrictions encountered were actually removed from the piling
alignment by excavating as indicated in the above specification.

The excavation referred to in your letter is the excavation
referred to in the Specification, Section 2E, Paragraph 3., which
covers the excavation to planned line and grades.

Therefore, my decision issued in my letter dated March 10,
1987 (copy attached) is unchanged.

F-
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_______L/AII
CONSTRUCTION CORPORATION

90 EAST MAIN STREET

MERIDEN, CT 06450 203 235 335)

April 1b, 1987

Hr. Ray K. Boley Resident Engineer
Yatesville Resident Office
P.O. Box 1101

Louisa, KY 41230

Re: Intake structure base slab exterior formwork
Contract No. DACW69-86-C-0039
Yateaville Lake Dam

Letter No. YD-150

Gentlemen:

Contract Drawings - YBC-9-5261/34 and 35 indicate that the intake
tower base slab up to elevation 575.00 is to be placed against existing
rock surfaces.

Since the rock lines shown on the drawings do not exist in the

field, we request chat a modification be prepared to compensate The
Lane Construction Corporation for the cost of forming the exterior sur-
face below elevation 575.

Please advise.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

H.W. Reitz

District Manager

clb

cc; MERIDEN
HWR

RAH )~>
0'Y.Lg

E ; A . OPPORTUNTY EMPLOY,_ k



April 24, 1987

Construction Division
Yatesville Lake

SUBJECT: Contract No. DACW69-86-C-0O39, Dam and Appurtenant
Works, Phase II, Yatesville Lake, Kentucky - Intake
Structure Base Slab Exterior Formwork

The Lane Construction Corporation
Post Office Box 566
Louisa, Kentucky 41230

Gentlemen:

As requested by your letter number YD-150 dated April 15,
1987, a review of the rock elevation for the intake structure lift
from elevation 570 to 575 is lower than indicated in the contract
drawings and will require forming.

Request that you submit a price proposal for forming the
perimeter from the top of rock to elevation 575. Your proposal
for the work should be submitted in accordance with applicable
contract requirements by May 8, 1987.

Sincerely,

RAY K. BOLEY
Resident Engineer
Authorized Representative of

the Contracting Officer

CF:
ORHCT
ORHCD
ORHCD-A (Sheldon)
/ORHCD-YBC, wd



,/ _____LI/A\I I____
CONSTRUCTION CORPORATION

P.O. 3ax 566, Louisa. KY 41230 Juiv 2!. _987
Mr. Ray K. Boley, Residente Engineer
Yaresville Resident Office
P.O. Box 1101
Louisa, KY 41230

Re: Diversion Sequence Schedule
Contract No. DACW69-86-C-0039
Yaesville Lake Da=
Letter No. YD-181

Gentle=en:

As per your -onversation with the writer on Thursday, July 16,
1987, attached is the sequence of operations and dated bar chart
for the diversion of Blaine Creek through the intake structure and
tunnel in the above referenced job for your approval.

If you have any questions concerning this schedule, please
contact our field office.

Very truly yours,

THE LANE CONSTRUCTION CORPORATION

J .Hugh~
Superintendent

clb

cc: MERIDEN , -

JOH / .. " .

RAH ' •
FILE

(S-4 2)



Sece--e of or

1. touroe-er to elev. 619

2. Divert water through outlet works

3. Place upstream and dcrr-.sre= diversion dikes

4. sraile placing diversion dikes dr*Il rock for cell piace.ent

( 5. After upstreza dike is placed to elev. 602 and downstream

dike is placed to 589, shoot rock drilled in Step 4

6. -zcavare rock and earth in area of cell placement to elev. 574

7. Place sandstone, rando- rock and cell fill to elev. 589 in

appropria-e areas.

8 Install cell 7 and diaphra= 6-7 through 15' of cell fill

previously placed

9. Place downstream slope bern on all areas except those that

tie to cells while cells are being installed

10. After cell 7 has been installed and seated start monoliths on

botton 15 feet which already has backfill material in it

11. After cell 7 and dlaphram 6-7 are installed complete cell fill

12. Continue monolith place=ent as cells are filled

13. Place cell cap concrete and remainder of berm concrete

The above work shall be conpleted using extended work day, 6 days a
week and a double shift where necessary.

(S-43)
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Modification of Contract No. DACW69-86-C-0039

CEORH-ED-DG Construction of Dam and Appurtenant Works, Phase II,
Yatesville Lake, Kentucky

DATE 16 Sept 1987 CUTITO C RM CEORH-ED Mr. Copher/bh/5220 CMT

In order to better facilitate back flooding of the work area prior
an overtopping of the cellular cofferdam, it is requested that the

subject contract be modified to include provisions for a notch in the
downstream diversion dike. This modification will provide additional
protection to the cellular cofferdam and minimize damage to the work
area during a flood event that overtops the cofferdam.

2. A notch with a bottom width of 30' at El. 580.0 should be cut through
the existing downstream diversion dike as shown on Enclosure No. 1.
The cut slopes should be IV on 2H. The proposed notch should be filled
with sandstone with a top size of 24" and have a 4' horizontal layer
of impervious material on the tailwater side. The crest of the cofferdam
will be raised from El. 585, with 2' of sandbags to El. 587. This section
should be as shown on Enclosure No. 2.

3. The contractor should be required to have a large backhoe and operator
available near the downstream diversion d'ke, at all times, during flooding
conditions. The contractor should also be required to have lights and
gasoline generators on each abutment of the cellular cofferdam, if request-
ed, during flooding. These lights should be sufficient to light the
downstream side of the cellular cofferdam and all of the concrete pad
on the berm.

4. A one-foot thick layer of rock should be placed on top of the down-
stream diversion dike for access. The width should be 6' on each side
of the center line.

5. Information on elevations and conditions for breaching the downstream
diversion dike will be supplied by Engineering Division.

6. All contract drawings affecteda his h should be corrected /
on "As Constructed Drawings." WADDELL

WADDEL E~-C ARLES E. V DEVELDE COFFMAN G

2 Encl Chief, Engineering Division AhARMAN

as YOST

TUCKER

PAVIX PEB

RIDDLE

VANDEVELDE

(S-45)
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CEORH-ED-G 23 November 1987

MEMORANDUM FOR RECORD

SUBJECT: Potential Modifications to Yatesville Dam Phase IIContract

1. On 20 November 1987 a meeting was held in the Geotechnical
Branch conference room on the above subject. Those in attendance
were:

Dave Hammer CEORD-ED-G Don Copher CEORH-ED-DG
Russ Fondelier CEORD-ED-G Leno Bird CEORH-ED-DT
David Deeds CEORH-CD James A. Coffman,Jr.CEORH-ED-G
Ray K. Boley CEORH-CD-YBC Jerry W. Phelps CEORH-ED-GS
Pat Oshel CEORH-CD Stephen T. Hornbeck CEORH-ED-GG
Danny Boaster CEORH-CD-YBC Jim Owen CEORH-ED-GS

2. Mr. Phelps opened the meeting and discussed the present
design and history of the filter design for the project. It was
then noted that based on the test pit data shown in enclosure 1,
the 12" processed sandstone and the 24" sandstone were both "gap
graded" materials. Both materials appear to be gap graded after
being shot and placed in the test fills. This tends to indicate
that the compaction required in the specifications may be in-
adequate or that the method of processing is inadequate. This
type of gradation would tend to indicate the potential for piping
of the impervious core material into the filter.

3. It was agreed by the Geotechnical personnel that some type
of filter material will be required at the rock foundation con-
tact surface and that the filter should extend up each abutment
to at least elevation 590. Three alternatives were discussed.
The first alternative, as shown on enclosure 2, would modify the
design by extending the inclined drain down to top of rock. The
second alternative, as shown on enclosure 3, would modify the
design by placing a 3-foot wide by 10-feet high layer of inclined
drain material in the foundation trench and processed sandstone
zone. This layer would extend up each abutment to elevation 590.
The third alternative, as shown on enclosure 4, would be to
reevaluate and resolve the problem of'the gap graded processed
sandstone if possible by means of a processed sandstone fill on
the existing random rock fill.

I

(S-48)



CEORH-ED-G MFR YATESVILLE DAM PHASE II 23 NOVEMBER 1987

5. Mr. Boley then indicated that if we elect to use commercial
material, Route 1185 may be closed to the Contractor during the
winter months. If this occurs it could affect the contract time.

6. A brief discussion ensued as to the coat of adding the in-
clined drain to top of rock. The estimated cost was $250,000.00
as a minimum. It was noted that if the Contractor could
demonstrate that he had lost a construction season the change
could run well in excess of $1,000,000.00.

7. Mr. Deeds then indicated that he was not in favor of the
Contractor placing any more embankment this year. Mr. Boley
stated that the Contractor couldn't place fill this year because
of the status of the grouting. Mr. Deeds also indicated that we
may want to require the Contractor to process the on-site
materials to a specified gradation during the winter months for
placement in the processed sandstone zone during the next con-
struction season. Specific gradations to meet geotechnical
requirements may necessitate the use of a grizzley. It was noted
that gradations specified during processing may not provide the
required in-place gradations. It was then generally agreed that
the most economical method would be to place the processed
sandstone on top of the existing random rock fill and compact the
processed sandstone fill with various compaction efforts. The
results of these tests will determine if alternate 3 will be ac-
ceptable.

8. Mr. Boley indicated for the record that the remaiuder of
rock borrow area to be shot was not known at this time.

9. In summary, because of the cost for extending the inclined
drain to rock, the potential closure of Route 1185 to the Con-
tractor during the winter months, and the potential claim for
delay of the contract by the Contractor, it was agreed that al-
ternate 3 would be investigated at this time. Investigation of
alternate 3 will coi.sist of the following:

a. Placing 4 - 12" lifts of processed sandstone
b. Obtaining 2 - gradations representative of the shot

material
c. Obtaining 2 - in-place gradations per compaction

type.

The 12" lifts of processed sandstone will require test pits.
The density of the material will be required, but the percolation
test will not be required. Compaction of the 12" processed
sandstone will require the following equipment and number of
passes:

2



CEORH-ED-G MFR YATESVILLE DAM PHASE II 23 NOVEMBER 1987

a. 2 passes of a tamping roller towed by a D-8 with
cleats, and 4 passes of a 50 ton rubber tired rol-
ler

b. 4 passes of a vibratory roller (control, same as
specifications)

c. 6 passes of a vibratory roller
d. 2 passes of a tamping roller towed by a D-8 with

cleats, and 4 passes of a vibratory roller
C e. 4 passes of a tamping roller towed by a D-8 with

cleats

Fill work on the processed sandstone will commence on or
about 30 November 1987.

11. The addition of the processed sandstone to elevation 579
will not create a problem for Hydraulics.

(-12. Mr. Deeds then discussed the need for additional construc-
tion personnel required during the grouting operations. Mr.
Deeds indicated that during grouting of the valley bottom, there
will be two geologists on duty. The additional geologist will be
either John Lusher or Dave Nugent.

13. The location of an additional downstream grout line was
finalized at 20 feet downstream of the centerline of the dam as
shown on enclosure 5. The location of an additional upstream
grout line was previously agreed upon. Additional exploratory
holes are intended approximately 45 feet downstream of the cen-
terline. The additional grouting and exploratory holes are in-
tended to ensure that voids are not present into which impervious
material could pipe.

( James V. Owe
4 rL S ephen T. Hornbeck

Civil Engineer Geologist
Soils Section Geology Section

Encls: 5 as stated

CF:
C CEORH-ED

CEORH-ED-D
CEORH-ED-H
CEORH-ED-B
CEORD-ED-G
CEORH-CD

3
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December 2, 1987

Construction Division
Yatesville Lake

SUBJECT: Contract No. DACW69-86-C-0039, Construction of Dam and
Appurtenant Works, Phase II, Yatesville Lake, Kentucky
- Grouting

The Lane Construction Corporation
Post Office Box 566
Louisa, Kentucky 41230

Gentlemen:

This is to confirm verbal instructions given to perform "B"
line grouting between approximate Station 5+00+ to Station 7+25+
in the foundation. Also due to foundation conditions, it is
necessary to install an additional upstream grout line at the
middle of the upstream transition zone and a downstream grout
line 20-feet down stream of the center line. These lines will
consist of vertical primary and secondary holes to approximate
elevation 500 between approximate Station 5+00+ to Station 6+40+.

If there are any questions concerning this, please contact
the field office.

Sincerely,

Ray K. Boley
Resident Engineer
Authorized Representative of

the Contracting Officer

CF:

CEORH-CT
CEORH-CD
CEORH-CD-YBC, wd

(S-52)



DF

CEORH-ED-G YATESVIL DAM PHASE IICNSTRUCTIOu n

'4 4
CEORH-CD CE.ORHi-ED APRIL 1988

Vornbeck, 5 34

1. Based upon our telephone conversation of this date wish to
confirm to you my request that a portion of the dam embakment be
removed. The embankment removal is necessitated by the seepage
for which a sump pipe was installed near centerline in the imper-
vious core on the right side of the embankment. We are concerned
with the source of the seepage,, and the potential for the trans-
mission of full reservoir head to the exit point of the seepage
which is approximately 5 feet upstream of the centerline of the
dam. The removal of this material will allow the excavation of
the Shale material under which the seepage appears to be moving.
The removal of this shale material will then allow an assessment
to be made concerning the source and path of the seepage as well
as the potential for transmission of full reservoir head into the
central part of the core.

2. My technical staff will assist you and your staff in any way
possible to reduce the influence of this request upon the ongoing
work.

HARLEL VD E

Chief, Engineering Division

OF:
CEORH-ED
CEORH-ED-B
CEORH-ED-G
CEORH-ED-D

(S-53)



CERTIFIED xAIL - SgTUX RECEIPT REQUISTsD

April I8, 1988

Construction Division
Contract Administration Branch( SUBJECT: 4ontract No. DACW6-86-c-o0 onstruction of jDamand Appurtenant Works, Phase I. yetesvllle Lake,"Aastucky, initial Order No. 1, -C-ange Drier BC'

the Lane Constrcgn Corporation
966 East Main Street
Meriden Connecticut 06460

Gentlemen:

Confirming the verbal notification and instructionsgiven by the Resident Engineer on April 14 and 15, 1988,You are directed to proceed with the below described work.Modification to the contract providing for adjustments asa result of this directive is being initiated.
It Is proposed to modtfr the contract in certainparticulars as described below:

1. Cease Placement of the impervious embankmentmaterials in the vicinity of Stations 4+20 to 4+90.
2. Remove the embankment materials exposing the shaleseam which is producing water.

3. Clean and remove the shale to expose a freshsurface.

4. Place a vertical riser pipe in, the location asdesignated.

6. Plug the small water leaks in the shale with oakumand place dental concrete approximately 8 iiches inthickness eer the exposed shale.

S. Jackfill the excavation with impervious embank-ment.

(S-54)



7. Th-2-

7. Thuriler ppe shall be extended tkrouih the
embankment until the hydraulic head is equalized. With the
head equalized, the pipe shell be grouted full to seal the
hole.

All work shall,be accoapliehed in-accordance with
applicable ,ontract dooument8 andas directed by the

(j Resident Engineer.

You are ksr!by directed to proceed with this-work
4medilately. This work is 4ovaideved to -be of waurgent
mature and should be given priority effort.

You are requested to submit your cost proposal In
accordance with Contract Clause 70, to the Resident
Engineer by April 28, 1988. In the event your proposal
cannot be submitted by the date indicated, you should
advise the Resident Engineer, in writing, stating the
reason for the delay and request additional time for
a hmission.

This directive constitutes Initial Order No. 1. Upon
submittal of your proposal end completion of the subsequent
negotiations, a formal contract modification covering the
additional work will be Issued.

Sincerely,

Robert D. Brown III
Colonel, Corps of Engineers
Contracting Officer

CF:
CEORH-CD-A SHELDON CD-A
CEORH-CD-YBC.
CEORH-CT DEEDS CD
CHORD-CO-C 7TUCXR CT

APR 188 EVERSOLE oC

R RECEIVED VANDEVELDE RD
Redeme Ecitow
Yatmes LMATTHEWS RA

BROWN DR

(S-55)



DEPARTMENT OF THE ARMY
HUNTINGTON DISTRICT. 'ORPS OF ENGINEERS

DETERMINATION OF FINDINGS

April 18, 1988

(., AUTHORITY TO ISSUE NOTICE TO PROCEED FOR CHANGE ORDER

Upon the basis of the following Findings and Determination, a
Notice to Proceed to ,ntract No. DACW69-86-C-0039, "Construction
of Dam afid Appurtenan. Works, Phase II, Yatesville Lake, KY" may
be issued.

FINDINGS

1. Description of the Change: The Contract irovides for the
installation of a impervious material within the dam. The
impervious material will be placed upon the foundation rock of the
dam. During that placing, ground water began infiltrating from
under the shale layer. This led to a concern about the source of
the water and the potential that the shale conceals fractured
bedrock. Therefore, it was determined that this layer of shale
must be removed. Impervious material, which had already been
placed, must be removed prior to removal of the shale leayer. The
cleaned shale surface shall have the small water bearing seams
sealed with oakum and the entire area covered iwth dental con-
crete. A vertical riser pipe shall be set at the area with maximum
flow to relieve the hydrostatic head. The impervious embankment
shall be replaced and the riser pipe extended through the embank-
ment until the flow is equalized. When the flow is equalized and
the embankment is at the same approximate level, the riser shall
be grouted full to seal the pipe and hole.

2. Effect if the Notice to Proceed is Not Issued: The Contractor
is currently placing impervious material. The shale must be
removed and the groundwater controlled before addit2oA1 Zer-
vious nater al can be placed. If the Notice to Proceed 15 24:
issued, the Contractor will be delayed by the Government. szc.r-
ing additional costs for which the Government will be respoasit4.
Thus,. t is zeccssa- and 1.v tlbe best interest of the Governivnt

ZL .Asi-e 2: A1!-;f_ :w-. :op~ ~.~ M.~*I d*isya andi

(Ia tw 2.Za:A':s: *sts I'- t,&
subject to adjustment due to the Contractor's proposal being not
yet received, the exact amount of excavation to be done, pending
negotiations, and other adjustments or changes. Sufficient funds
for this Notice to Proceed, in the amount of $25,000.00 are
available under the appropriation FSH 96461 96X3123 CG HR BE YBC
04 lOGO 0000 0320 284.

(S-56)
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4. Status of Negotiations: The negotiations will conzence
iz-ediately upon receipt of the Contractor's proposal.

DETEMMINATION

;ased upon the findings noted above, it is necessary and in the
best interest of the Governaent to issue the Notice to Proceed
without prior agreenent in price.

WB ET R 0ROWN I
Colonel, Corps of Engineers
Contracting Officer

____________________(S-57_)
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DISPOSITION FORM
f' _ -. of f* AR 340-315 Zf4 m ! Y k TAGM

RE1FERENCE OR OFF!FC SI'MBOL SUJi T

Yatesvilie - Erosion of Spillway Side

CEOR|-CD (1180) Slopes at Bridge Abutments,
I Contract No. DACWS-86-C-0039

TO FROM DATE CAT I

CEORX-ED CEORH-CD 2 August 88

_. During visit tc. the subject project since my arrival in the Huntington
District, I have observed what appears to be increased deterioration of the
spillway sideslopes adjacent to the bridge abutments.

2. After discussions with Mr. Zirmerman, Yatesville Resider+ Engineer, and
conducting a cursory review of our files, I discussed the sxtuation with
r. Don Copber to obtain additional information. Mr. Copher informed me

that corrective plans will be finalizei in August 1988.

3. The Lane Construction Company is making rapid progress and is expected
to be near completion of the embankment by Mid October 1988. it is
anticipated that the contractor will demobili.e the majcrity of his heavy
equipment including the batch plant at that tine. Therefore if action is
anticipated by Engineering Division to request corrective action ii the
spillway through contract modification it is necessary that that information
be provided this office as soon as possible and no later than 1 September 1988.

4. In view of the potential for severe erosic during flows of less than
PMF magnatude it is my opinion that corrective action should be taken.

LAWRENCE R. BROCKMAN'
Assistent Chief, Construction Division

CF:
CEORHI-CD
-ORH-CD-YBC

14  9
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CEORH-ED-DG Modification of Contract No. DACW69 -86-C-0039
Construction of Dam and Appurtenant Vorks,
Phase II, Yatesville Lake, Kentucky

TO: CEORH-CD FROH: CEORE-ED DATE: 19 Aug 1988 off 1

Copher 5220/C. Van--elde

1. It is requested that the subject contract be modified to in-
clude removal of the top 5' of concrete abutments, on each side
of the cellular cofferdam.

2. The top o: the abutmnts should be removed so no part extends
above Elevation 616.0. Removal should be accomplished by drill-
ing and blasting. A drilling and blasting plan should be sub-
mitted to CEORH-ED for approval before this work is started.

3. This modification is necessary in the interest of safety.

4. All contract drawings affected by this modification should be
corrected on the -As Constructed Drawings-.

CIARLESW.ADEVELDE P.E.
Chief, Engineering Division

9 waddez 1 ED

Eversole

Tucker CT

Z/Ryder ft

Warren SOl

Riddle " -B

/CAVandevelde ED# .V-7

SEP 988 -9
RELLIE

Resicem,

S-59)



DISPOSITiONORM -

FUREC OR OFFICE SYMSMl SUBECT
CEORH-CD-YBC Contract No. DACW69-86-C-0039, Dam
(1180) Appurtenant Works, Phase II, Yatesville Lake,

Kentucky -Change No. BT, Mod. No. P00025

CEORH-CD CEORH-CD-YBC 12 Dec 88

Zimmerman/mm/686-2424

1. During the prosecution of the work of the contract agreement could
not be reached for the method of measurement for Pay Item No. 81.
Concrete in Inclined Leg Foundations and Spillway Lining. The sequence
of events were:

10 May 1988 - Contractor requested additional pay by letter for

Item Nos. 81, 132A, and 132B

19 May 1988 - Contractor's request denied by letter

16 Jun 1988 - Contractor briefly states his reasons for additional
pay for concrete

20 Jun 1988 - DF regarding the Contractor's request for payment

6 Jul 1988 - Contractor's request again denied and told he could
request a Contracting Officer's Decision

7 Jul 1988 - Contractor requested a Contracting Officer's Decision

7 Nov 1988 - A meeting was held with the Contracting Officer.

Documents listed above agc attached as Enclosure No. 1.

2. The meeting with the Contracting Officer was attended by the
following:

Corps of Engineers Lane Construction Corp.

David J. Deeds James Hughes
Tony Tomlinson Bob Housel
Kenneth E. Zimmerman Don Kentzel
Ray K. Boley
Leno Bird
Ed Eversole
Col. Thomas E. Farewell

3. The points of the Contractor's plea for payment were:

a. The Specifications indicates that payment will be made for all
concrete placed within the forms.

b. The Specifications give tolerance for excavated rock surfacce.

DA A 2496 PREVIOUS EONg WILL BE USEDs-0)



-c. The drilling for the excavation was difficult, but care was
taken to try to prevent over excavation.

d. The bid price did not include any contingency for placing
concrete in quantities greater than the amount listed in the
bidding schedule.

4. The consensus after the Contractor's presentation was that the
Contractor was entitled to an equitable adjustment for the spillway
concrete.

5. The following documentation is submitted as the basis for the
issuance of a contract modification to accomplish the intent of paragraph
4 above.

6. Since this action is the result of a claim submitted by the
Contractor, there was no request for proposal sent to the Contractor.

7. The Contractor's Letter No. YD-282 dated 7 July 1988 (Enclosure No.
2) serves as the Contractor's proposal. This correspondence submitted a
cost of 531,075.00.

8. An estimate for an equitable adjustment was prepared and is
included as Enclosure No. 3.

9. A Technical/Cost Analysis was prepared and is attached as Enclosure
No. 4.

10. Prenegotiation Objectives were established and are attached as
Enclosure No. 5.

11. Att.ched is the Record of Neg)tiations (Enclosure No. 6).

12. By a letter dated 12 December 1988 (Enclosure No. 7) the
Contractor has confirmed the agreement reached during the negotiations of
8 December 1988.

2
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13. It is requested that the contents of this DF bp used as the basis
for issuing a contract modification to make the following changes:

Unit Amount
Item No. Description Quantity Unit Price Increase

81 Concrete in Inclined 64 CY $250.00 $16,000.00
G Leg Foundation and

Spillway Lining

132 Portland Cement and
Pozzalan
a. Portland Cement 271 CWT 3.00 813.00
b. Pozzalan 46 CU. FT. 2.00 96.00

KENNETH E. ZXMERMAN
Resident Engineer

Enclosures

CF:

CEORH-CD
CEORH-CD-YBC, wd

C
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SHIT/jks/SOll
August 31. 1989

Constrnction Diijsion,
Contract Adminiatration Branch
SUBJECT: Contract No. DAC69- -_C-003

9 for Dam andAppurtenant Works, Phase I1 ,ateavule Lake, lentucky

Lane Construction Company
965 East Main-Street
Meriden, 'Conaecticut 06450

Gentlemen:

All physical work under the referenced contract wesfound to be completed in accordance with the plans andspecifications and is accepted as of August 16,. 1989.
Acceptance of the physical work does not relieve you of

;he responsibility to comply with al the requirements of thecontract. Final payment will be xade only when all
7 administrative requiresents of the contract have been met.

Sincerely,

/

Thosas E. Farewell
Colonel, Corps of Engineers

. CContracting OfficerCF:S CHORD-CD
CHORR-OD-EPLING 

CD-ACHORR-CD-ACEORH-CDYBC 
SHELDON CD-ACORH-OP

CEORH-RF 
TURNER CDCEORH-ED*CEORD-RT-F 
EVERSOLE OC

TUCKER CT
DEEDS 

DD-P

NATTHEWS 1A

RM OLDS D

FAREWELL D
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GS 7 AUGUST 86

MEMORANDUM-FOR RECORD-TRIP REPORT

SUBJECT: YATESVILLE DAM PHASE II CONSTRUCTION

C . -ON 31uly 86 Messrs' Hamer, Canning, Boster, Hornbeck, Hawley,and Owen visited the subject project.

2. The slurry trench operation was in progress. At the time of theinspsction approximately 50 feet of slurry trench had been excavatedfrom the right abutment. Excavation for the gravity cut-off wallsassociated with the coffer dam had brgun, and excavation of thediversion channel continued. During the.inspection it was agreedthat the left aiutment would not require further notching.into rockfor the impervious core and transition zones.

3. Mr. Hammer indicated that the project was in good shape and thathe felt the District made the right decision in placing theembankment on rock. ORD will visit the site each four to six weeks.

45.
"' es V.OwenQ_' -1
'tvil Engineer, Soils Section

CF:
ORHED
ORHED-D
ORHED-B
ORHED-GG

C
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iORHEDG 7 AUGUST 86

ME 1ORANDUM FOR RECORD-TRIP\REPORT

SUBJECT: YATESVILLE DAM PHASE IICONSTRUCTION

1. On 6 August 86 Messrs. Owen,- Merritt, and Hornbeck4'isited the
Yatesville site. Construction of the diversion channel, upstream
slurry trench, and the right abutment core trench was continuing.
All portions of the work were being performed in a neat and
professional manner and all work appeared to be within specification
limits. No safety violations were noted.

2. The rock surface on the right abutment appears to less irregular
than originally anticipated, and the slope of the abutmeni rock
toward the valley center appears to flatter than originally
anticipated during the design stages of the project (reference
drawing 52/12, centerline profile). The primary reason for this
appears to be an inaccurate top of ground elevation for boring C-27
(approximate elevations, 598 shown versus 620 actual) which resulted
in an inaccurate top of rock elevation. As a result, the core trench
excavation was started approximately 10 feet deeper into the abutment
than was necessary. Additionally, the slope of the top of rock
surface is flatter than 1 vertical on 1 horizontal and as the core
trench is excavated to a I vertical on 1 horizontal average slope,
the core trench excavation progresses deeper into the abutment.
While this condition per se is not cause for concern, it would result
in a more costly excavation and could result in a sharp change in
foundation conditions as the excavation reaches the valley bottom.
As the slope of the rock surface flattens out in the valley bottom it
would also become necessary to use production blasting to shape the
core trench since presplitting is impractical at slopes less than 1
vertical on 1 horizontal. As a result of these considerations it has
been determined that the 5 foot maximum bench width specified in
paragraph 20-14.4 must be revised to allow for bench widths of ten
feet currently and possibly 15 feet if considered necessary in the
future. Consideration will be siven to whether the front edge of the
benches will require chamfering (removal of the outside corner) to
reduce the potential for cracking of the embankment. No contract
modification is currently planned to effect this change but the
decrease in excavation quantities may fall outsida the plus or minus
15% variations in estimated quantities clause of the contract.-C

CF:
ORHED
ORHED-GS St h T. Hornbeck
ORHED-D Geol :st, Geology Sectio
ORHED-B

PAGE 1
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ORDED-G 11 August 1986

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, -(1) Meeting with District Geotechnical Personnel on the
R.D. Bailey Embankment Criteria Report, and (2) Inspection of(I Construction at Yatesville Dam

1. On 27 July 1986, Division inspection team met with Huntington Geotechnical
personnel to discuss stability'analysis methods to be included in the
embankment criteria report and to inspect construction of Yatesville Dam on 28
July 1986.

2. Purpose. The purpose of the trip was twofold: (1) to discuss and-agree
on the type of slope stability analyses to be included in the R.D. Bailey
Embankment Criteria Report and (2) to inspect the construction of Yatesville
Dam.

3. Attendees.

Steven Hornbeck Geologist ORHED-GG
Dan Boater Soils Engineer ORHED-GS
Jim Owens Soils Engineer ORHED-GS
Bill Hawley Design Engineer ORHEO-T
Ray Boley Resident Engineer Yatesville Dam
Chester McDavid Asst Resident Engineer Yatesville Dam
Cpt. David Hall Military Assignment Yatesville Dam
David Hammer Chief, Geotech Branch ORDED-G
Charlie Canning Division Geologist ORDED-G

4. Background.

a. R.D. Bailey Embankment Criteria and Performance Report: Regulations
require that an embankment criteria report be submitted after completion of
reservoir filling. The report is to include slope stability analyses that
confirm stability of the structure as designed. In the case of R.D. Bailey
whose design was changed after the FDM was approved, no analyses on the new
section were performed. Analyses must now be performed to go in the
Embankment Criteria Report.

b. Yatesville Dam: The embankment was originally to be founded on
overburden. However, additional subsurface investigations revealed areas of
marginally acceptable material which caused serious concerns with embankment
stability and possible construction problems during excavation. Another
potential problem of liquefaction was surfaced during the seismic study.
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Taking the above factors- intoconsideration, it was decided that the

embaiikment should be founded on rock. inorder-to eicavate-the-ioft saturated

slurry trenches). -

5. Observations. On;28 July 1986,, personnel from the Huntizigtoi District and
Ohi Divisionmet with Yatesvillie-bam Resident personnel and were
briefed on the on-going work.- The contractor had begun the upstream slurry( trench excavation, excavatedupper elevations of the right and left abutments

and had most of the -diversion 'channel ecavated. A temporary drainage ditch
and two sump wells had been installedto drain the upper overburden to provide
a working surface for upper -embankment excavation and installation of
dewatering wells. Presently the river has been.diverted through the tunnel by
constructing a temporary dike. Once the-diversion channel excavation has been
completed the river will be routed through the channel by completion of the
upstream earth diversion dike (see Attachment No. 1). The contractor has
proposed to dike-off 'the intake structure area and to start constructing the
concrete structure, thus reducing the project completion date by approximately
six months to one year (see Attachment No. 1). A second proposal is to
construct both branches of the downstream slurry trench to save remobilization
costs when the cofferdam branch is'scheduled for construction. The contractor
has submitted a V.E. proposal to the Resident Office for an early start on the
intake structure and for construction of both branches of the slurry trench.
The contractor has been made aware that the slurry trench must be protected
from damage during operation of the diversion channel (see Attachment No. 1).

The inspection party first visited the upstream slurry trench excavation. The
contractor started excavation the first of the week and was still refining his
operation techniques (see Photographs 1, 2, 3, 4, and 5). During the trench
inspection the rock excavation for the right abutment coffercell tie-in was
examined (see Photographs 6 and 7). Next the party inspected the diversion
channel and top elevations of the left abutment (see Photographs 8, 9, 10, 11,
12 and 13). The contractor had excavated a temporary drainage ditch running
parallel to the diversion channel and had installed several well sumps to
facilitate preliminary embankment excavation. The trench gave the party an
opportunity to examine the soft silty materials and the large boulders that
had been indicated by the contract borings (see Photographs 14, 15, 16, 17,
18, and 19). After inspecting the trench we observed placement and compaction
of material in the area of the downstream diversion dike. We then inspected
the en-going right abutment excavation (see Photographs 20, 21 and 22).

6. Discussion. After the inspection an exit briefing waa conducted in the
resident office. The group discussed the condition of the abutment and
proposed treatments of some sheared shale layers. It was the feeling of the
group that if the left abutment rock remained as good as what has been exposed
so far, further notching in the rock for embankment tie-in would not be
necessary. The right abutment excavation revealed some thin horizontally
bedded layers (1/2 - 1 inch thick) which will be removed. We discussed the
need for exercising caution to avoid jacking these horizontal beds during
curtain grouting. The grouting will require close inspection by experienced

2
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personnel. The resident offices agreed; however they pointed out that due to

manpower restraints -the close-grouting inspection maybedifficult to achieve.

7. Conclusions.

a. R.D. 'Bailey Embankment Criteria Report. It was mutualJy. agreed by all
that the District would initially perfom-ah analysis of the critical case to
deteimine~what strengths of'the select sandstone would be required to yield an) acceptable factor of safety. Knowing this value we would then be in a better
position to make a decision on which, would be the best way to go as far as the
overall analyses themselves are concerned.

b. Yatesville Dam. The project is progressing extremely well. Resident
personnel are well aware of the various on-going operations. 'The contractor
appears at this stage to have planned hiswork well and is accomplishing it
without the confusion that generally is associated with the initial phase of
construction. The soft silty material uncovered by the temporary draiuage
ditch has reconfirmed the need to found the embankment on rock and the
necessity for the installation of a system of slurry trenches and dewater)ng
wells. The district should be prepared to have experienced personnel to fully
cover the grouting on a 24 hour basis. If in-house personnel cannot be made
available the district should explore the use of an AE contract.

8. The undersigned wish to express their appreciation and thanks to the
district and resident office personnel for their cooperation in this very
informative site visit.

DAVIDP.eHAMMERP.E CHARLES G. CANNINV'
Chief, eotechnical Branch Division Geologist

CF: ORDCO
ORDED-T
ORHED-G
ORHED
ORHCO
OROCO-Yatesville
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ORREDGOG 29,AUGUST 86

MEMORANDUM FOR RECORD-TRIP REPORT

SUBJECT: "YATESYILLE DAMPHASE II CONSTRUCTION

1. On 27 August 86 Messrs. Boater and Hornbeck of Geotechnical
Branch visited the project,site to observethe construction
activitiesand progress The Contractor was backfill'ing the upstream
slurry trench but the backhoe was inoperative and was not excavating
for the downstrea 'slurry trench. Installation of the dewatering
wells was progressing in preparetion for lowering the groundwater to
elevation 565 it' order to start the-upstream cellular cofferdam.
Excavation for the right abutment cut-off wall of the cofferdam was
continuing. Excavation in the spiliway had been initiated to provide
random rock for the cofferdam.

2. The project activities were performed in a neat and orderly
fashion and no safety violations were noted.

g sGelg Section

CF:
ORHED
ORHED-D
ORHED-G
ORHED-GS
ORHED-B
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O3MEM-G 23 Octo mr 1936

ICMORANDUE FOR RECORD

S;U3B r: Tzip Be=on.- Yates-r'.e Lake Kojet, Kentucky, Site Visit
C' I

1. On 23 Octao:er 1986, Messrs. Ji= Oven and Jerry Phelps cf Sois
Si=cn, Geotechnical Branch, visited the subject project. Significant
observations are as follows.

2. The top surface of the completed 24-inch Sandstone rockfffl testfll
was cbserved.- The 5'X5'X3' deep test pit was excavated and the
percolation test was ready to begin. The Sandstone material observed
is extremely degraded after compaction and has an appearance of sand
sizes flling all voids of the matrix. The'12-inch Sandstone and 12-inch
random rockl testfills will be constructed in the near future.

3. A small saple of random rock was recovered from the rock borrow
area. Ray Boley questioned the weathered condition of the rando= rock
and requested guidance on the overburden stripping. Mr. Bcley was
advised that weathered rock is acceptable as a source of randcm
rockill. It was also noted that we should be careful to prevent
overstripping by the Contractor, which would ultimately result in
unnecessary quantity overruns.

4. Other areas observed include construction of the sheetpile cell
template, capping the downstream slurry trenches with a filter cloth and
gravellbentonite cap to allow cross traffic, and discharge from the
dewatering system.

5. Mr. Boley indicated he would talk to the Contractor concerning the
erosion repair along the right bank of the diversion channel haul road.

(IJRYW PHELPS
I ils Section

Geotechnica: Branch

CF: 
Engineering Division

ORHCD
ORHED
ORHED-D
ORHED-B
ORHED-H .
ORHED-G
ORHED-GS
ORHED-GG
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OHHED-G 14- November 1986

MEORANDUM FOR RECORD-TRIP REPORT

SUBJECT: YATESVILLE DAM PHASE 1I CONSTRUCTION-C)
1. On 1S riexber 1986 Messrs. Owen and Hornbeck of Geotechnical
Branch and Mr. Honaker of Design Branch visited the site.

2. A portion of the first row of sheets for cell *2 had been driven
as far as possible. It appears that a boulder was-encountered

beneath cell #2 on the left upstream face near the interlock between
cell *2 and *3. Mr. Honaker is to review the design considerations
based on the cell data to be furnished by Construction Division. The
Contractor was in the process of moving the template to cell *3.

3. On 8 November 1986 flood conditions at the project caused
overtopping of the diversion channel plugs. As a result of the high
water the downstream diversion channel plug was removed back to the
"Z' piles used to retain the downstream slurry wall. Prior to
flooding a depression was noted near the center of the valley along
the centerline of the upstream slurry trench. Shortly-after the
flood, the small depression had extended over about 50 feet and the
cap over the upstream slurry trench had settled about 18 inches. Mr.
Boster of Geotechnical Branch inspected the site on 12 November 1986
along with Construction Division personnel. It is believed that
settlement may have been caused by the placement procedure used by
the Contractor. The settlement area had been repaired prior to our
visit. Construction Division personnel were cautioned that continued
settlement of the slurry wall could endanger the integrity of the
upstream impervious blanket, -and that the implications of this were
uncertain.

4. Construction Division personnel indicated that Mr. Hawley had
been requested to check and see if anyone else desired to inspect the
test fills prior to removal.

5. Construction Division personnel indicated that one of two
samples from the primary impervious borrow area consisted of "CH"
material. The location and depth of the samples were not known at

C' the time of the visit but Mr. Owen indicated that he would talk to
Mr. Phelps as to the extent of the CH material in the impervious
borrow since pans are proposed to be used by the Contractor for
excavation of the impervious material.

6. A review of the contract drawings and the field conditions
indicate that a "Z" pile wall will be required for the "upstream" y-
section of the downstream slurry wall prior to Stage 5-construction.
The use of such a wall should prevent the loss of the slurry into the
excavation and settlement of the downstream diversion dike.
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jR3ED-G I 414 Novexber 1986
SUB3ECT. YATESVILLE DAM PHASE II CONSTRUCTION

7. Concern was expressed about the need for breaching the
downstream diversion dike and slurry trench during Stage 5
construction. Based on the present field conditions it would appear
that if a breach of the downstream diversion dike is required it
would be desirable to accomplish the breach in the fill plug placed
in the diversion channel and the right bank of the diversion channel.
Several schemes were then discussed as to the method of breaching.
One method would be to place a pipe with "flap valves" and the other
method would be the use of a "fuse plug" of erodible material to
facilitate the breaching. It would appear that the buried pipe
method would permit a more controlled release if a closure structure
could be designed.

8. A review of the drawings 52/7 Stage 5, 52/15 Section C-C, and
52/21 indicates the downstream diversion dike at elevation 597 will
be removed to elevation 589 during Stage 5 construction. Removal of
the dike to elevation 589 as shown on the drawings will remove the
slurry trench cap which was not the intent of the designer. Also it
was noted that removal of the downstream diversion dike from
elevation 589 to the finished grade of the random fill will require
removal and replacement of the slurry trench cap at elevation 589.
Although only a 6" cap is required on drawing 52/21 at least a two
foot cap will be required over the random fill at finished grade
since this area will be used by the public.

9. A request was made to furnish test fill and sheet pile data to
ORHED-GS and ORHED-D.

10. It appears that several items require further consideration by
the Yatesville Design Team. It is further recommended that a
thorough review of the Diversion, Construction, and Flooding
Sequences be undertaken by the design team to ensure that no
unanticipated conditions arise during Stages 5 and 6 when downstream
populations are at risk (for example, what procedures or options are
available when flood debris results in partial blockage of the
intake-transition area and the reduced capacity of the diversion
tunnel leads to unexpected rates of rise in the upstream pool).

)!mE. Owen Ste hen T. Hornbeck
Civil Engineer Geologist
Geotechnical Branch Geotechnical Branch

CF:
ORHED
ORHED-D
ORHED-GG
ORHED-GS
ORHED-B
ORHED-R
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ORRED-CC 15 December 1986

ENMORANDUM FOR RECORD-TRIP REPORT

SUBJECT: TATESVILLE DAM PHASE II CONSTRUCTION

C 1. On 12 December 1986 Messrs. Phelps and Owen visited the project
to inspect the bottom ash stockpile area. The reason for the
inspection was to inspect the amount of material stockpiled and the
distance from the slurry trench. Since settlement of the trench cap
had-occurred in the past, it was believed that a surcharge from the
bottom ash may be part of the cause. The site was inspected and Mr.
Phelps indicated he did not feel there was a problem or need to
restrict the amount of fill.

2. It was however noted that the bottom ash material was above
elevation 602. Because of the bottom ash fill location between the
upstream cofferdam and slurry trench, the bottom ash has in affect
increased the upstream cofferdam height. In order to prevent
potential damages downstream of the project, the bottom ash material
above elevation 602 should be either spread to elevation 602 or
placed in the cells as soon as possible. All future stockpiling
should be below elevation 602.

11:,Ow~nC Civil Engineer
Geotechnical Branch

CF:
ORRED
ORHED-D
ORHED-G
ORBED-GS
ORHED-B
ORHED-H

C
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ORRED-GG 27 February 87

MEMORANDUM FOR RZCORD-TRIP REPORT

SUBJECT: YATESVILLE DAM PHASK II CONSTRUCTION

1. On 25 February 1987 Messrs. Owen and Hornbeck of Geotechnical
Branch visited the subject site. All cells and arcs bad been driven,

C) spliced, and welded; and the Contractor was in the process of filling
the cells with the bottom ash backfill. The cells were exhibiting some
bulging indicating that the interlocks were going into tension as the
backfilling progressed

2. As part of the visit it was noted that the electrical panels for
the dewatering system upstream of the cells was below elevation 616 and
was therefore subject to flooding. Since the system was designed to
continue operating until just prior to overtopping, the electrical

panel should be relocated.

3. A series of small slides was observed in the overburden on the
right abutment at elevations above the top of the future dam, and
somewhat to either side of the center line of dam. None of the slides
were currently of major significance in terms of either volume or
influence on the work site. One slide which was located approximately
75 feet upstream of the center line has the potential to influence the
work site in that if it continues it may involve larger and larger
areas and volumes of material. The slides were obviously triggered by
the influence of water, but the source of the water was uncertain at
the time of the visit. Observations of the slides will continue and
remedial measures implemented when required.

tap eT . Hornbeck 1(
ologiat, Geology Section

CF:
ORHED
ORHED-D
ORHED-GLHED-GS

HED-B
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ORHED-GG 5 March 1987

MEMORANDUM FOR RECORD-TRIP REPORT

SUBJECT: YATESVILLE DAM PHASE II CONSTRUCTION

1. On 4 March 1987 Messrs. Owen and Hornbeck visited 
the project,site.

2. The slide at the top of the right abutment had moved somewhat
during the weekend rains but remained essentially the same.

3. The compaction equipment to be used on the random rock fill
upstream of the coffer dam was questioned by the project staff. The
specified equipment (Sheepsfoot and 50 Ton) cannot be used adjacent to
the arcs because of space constraints. Vibratory rollers were
discussed, and will probably be used.

4. On the upstream side of the coffer dam the Contractor had placed
some random fill which was scheduled for 'removal due to inadequate
placement and compaction. This was unrelated to paragraph 3, above.

5. Removal of the bottom ash that remains on the upstream impervious
blanket will be required in order to effectively'tie in the remaining
portion of the impervious blanket.

6. The project staff called Charles Mansur concerning the need to
provide electrical panels above elevation 616 for Ehe "B-Line" of wells
downstream of the coffer dam. It was determined that this was not
required.

7. The project staff indicated that hand railing would be required
across the top of the coffer dam for safety. The need for quick
removal of the hand rail during flood conditions was discussed.

8. The project staff continues to need guidance concerning when to
oreach, the elevation of the upstream and downstream pools at time of
breaching, and other information as noted in the ORHED-G MFR dated 14
November 1986.

aeV nSte en T. Hornbeck
So ils Engineer Geologist

CF:
ORHED
ORHED-D
ORHED-G
ORHED-GS
ORHiED-B
ORHED-
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CEOR-CD-I 5 August-i987"
oodburn/js/5371

SU3JECT: Trip report Yatesville Dan, Contract No. DACW69-86-C-0039

1. On 4 August 19871H. P. Oshel andW. F. Woodburn visited the subject project,
The purpose of the visit was to inspect the work in progress and the shale sean

1C exposed by the last shot-on the right abutient.

2. The intake structure has ben placed to elevation 610.5 and the forms were
being raised :,D elevatiqn 619.0. 

-

3. Steve Hcrnbeck, Jim Owens, Don Copher, Bob Iknaker, and Coy Miller from ED
were on side to discuss their concerns wi._ the spillway bridge abutments and
to-agree on a proposal to correct--the situation. (See Attached Sketch). The
existing situation is that the concrete lining protrudes out past the rock
face by approximately 2 feet. Their c~ncern is that if the maximum design flow
elevation 659 is ever reached-this situation will cause severe erosion of the
rock behind the concrete lining thus causing failure of the pier foundations.
Their proposed modification as shown on the sketch was agreed upon by all with
the following,changes. (1) The rock excavation line will be changed as shown
by the dotted line. This was changed so that the excavation could be done with
a large hydraulic hoe. (2) The excavation and concrete be stopped at elevation
661.0 (Two foot above maximum design flow.)

4. The contractor had recently shot and removed rock in the right abutment
core trench down to elevation 564. A major joint in the sandstone bench at
elevation 575 was inspected. This stained joint was oriented parallel to the
valley and extended completly across the core trench. Due to the nature of
the joint it was decided to drill a presplic line behind the joint and remove
the jointed rock down to the underlying dark gray shale. Two other areas in
this same area-will require dental treatment. One is a shaley zone which is
seeping water and the other is a carbonaceous shale and coal layer, 1-foot +
thick, at bench elevation 564.

5. No safety violations were noted.

H. P. OSHEL W. F. WOODBURN
Geologist Civil Engineer

CF:
CEORH-CD-I
CEORH-CD

V'/EORH-YBC
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I i
CEORH-CD-I 21 Sept eber 1987

MEMORANDUM FOR RECORD:

SUBJECT: Trip Report - Yatesville Lake Project Contract No.
DACW69-86-C-0039

1. On 1 Sept 87 H. P. Oshel visited the referenced project to
( observe overburden excavation in the valley bottom and inspect

the rock along the right abutment.

2. The contractor was excavating the overburden in the left half
of the valley using front end loaders, dump trucks and dozers.
The material was 6eing hauled to-the spoil area. The material was
dry -and there were no apparent problems with excavation.

3. Overburden excavation has exposed the entire right abutment
and the contractor has presplit and excavated the core trench to
the valley floor. A coal seam about 8-10 inches thick is present
near the base of the slope and will have to be dental treated as
well as one exposed eariler about 8;9 feet higher. Considerable
clean up remains in the bottom before any inspection can be made.

4. No safety violations were noted.

H. P. OSHEL
Geologist

CF:
CEORH-CD
CEORH-CD-I

VeEORH-CD-YBC
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CEORH-CD-I 25 Septerber 1987

MEMORANDUM FOR RECORD:

SUBJECT: Yatesville Lake Project, Contract No. DACW69-86-C-0039

1. On 21 Sept 1987 H. P. Oshel visited the subject project. I
was accompanied by Bill Stromb, WES and Dave Nugen, SWJ. The
purpose of the visit-was to inspect the valley bottom and dis-
cuss and coordinate the computerized record keeping of the grout-
ing program. We were met at the site by Steve Hornbeck, Geology
Section and-Charles Canning, ORD.

2. The valley bottom was inspected with the exception of an
approximate 30'± strip about the center which was covered by
water. It was reported that there is a large joint or some other
feature containing broken rock under the water. The contractor
was pumping the water out but progress was very slow and we will
have to wait until much later to see the bottom. It was agreed
that from the water up the right abutment, the rock looks very
good. The two exposed coal seams will have to be dental treated.
There is some rock removal yet to be done on the left side and
the bench elevations need to be determined. Generally, the group
zrought the bottom looked good. The isolated areas of drummy rock
will be removed during final clean-up. The area under water will
be.inspected when the contractor completes the clean-up.

3. Bill Stromb set up and coordinated the grout record keeping
computer program with Mike Neild and Captain Hall. We need to
furnish Mr. Stromb a couple of more items and he will complete the
program for us.

4. The grouting sub-contractor, Boyles Bros. were setting up
their grout plant and we have given the ok to set grout pipes
up the right abutment.

5. Concrete placing had resumed and a placement was in progress
on the spillway.

6. No safety violations were noted.

H. P. OSHEL

Geologist

CF:

CEORH-CDCEORH-CD-I

(EORH-CD-YBC
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--_rOP.-cD-I 29 Sept 87

O-E ORDUM 70R RECORD:

SUBjECT: Trip Eeport - Yatesville Lake Project
DAC469-S6-C-0039

1. On 25 Sept 87,_ H. P. Oshel visited the refersa.ced project. The
purpose of the visi--- was to meet with representatives of _Egineer-
ing Division and discuss and in-snect the foundation in the valley
bottom.

2. Background. Upon renoval of the overburden in the valley bott=,
an area of broken rock, along with so=e sandy, clayey sea-s, m=ner-
alization along bedding contacts and several sea=s of water
were observed fl1wing fro= this area. A trench about 5 feet below
the general rock surface, running al=st parallel (going slightly
to the right side at approxi-ately 10 degrees) and the full distance
of the exposed valley bottom. The general elevation at the va!ley
floor 4s 526+ and the lowest nart of the trench is about 521.3.
During the clean-up operations so--e of the loose, broken rock was
removed from the trench.

3. On the visit of 24 Sept we layed out a boring program to dete--ine
the extent of this area. There is a contract pay item for exploratory
drilling. The sub-contractor, Boyles Bros., had drilled one hole
near center line on the right side of the trench about sta 5+53 along
with holes at the upper and lower ends of the i-nervious-transition
sections and had moved to the left side of the trench and drilled
one hole about 10-foot from the trench near center line. The core
from these holes indicates no broken zone or mineralization to the
extent of what we observe on the left side of the trench. Sall,
0.1 - 0.2, broken zones are present and may represent a thinning
of the area toward the right abutment. Logs and a boring plan will
be included in a later trip report after they are completed.

4. We decided that 4 additional holes were necessary to better
delineated the broken zone on the left side. One hole was located
in the trench and three others to the left of the trench. These
holes should also be presure tested.

5. Representatives from ORD will visit the project on 28 Sept to
review the borings, inspect the foundation and offer recommendations
for treatment.

6. Overburden excavation is continuing on the downstream slope.
C Ground water springs have been encountered which is causing erosion

and sloughing of the slope. One of the larger areas was backfilled
with rock to help prevent further erosion. 12

7. No safety violations were noted.

H. P. OSHEL . ,'V
Geologist

CF: CEORH-CD-l, CEORH-CD-YBC
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sen-29 S 87

SM -ECT: Trip Report - Yatesville Lake Project Contract
No. DhA.Cii9-86-C-0039

1. Cm 28 Sent 87 E. P. Oshel visited the subject project. The
purpose of the visit was to inspect the core bori-gs drilled to
date, observe a=d discuss foundation treatnent in he valley bottom I
with ORD a=d ED. P.epresenting OBRD were Cbha!ie Canning, Geologist
and Russ ?oudllier, Soils E--:nieer and E-ng=.ieering Division by
Steve Ec--nbeck, Geolc5ist ard Jim Owen, Soils Engineer. Dan Boster,
Mike eild a=d Chester MDavid of the project were also present.

2. Of the four additional core holes we designated on 25 Sept., the
one in the trench had been co=leted and he was drilling the hole
on centerline. A detailed insnection of all the borings and the
rock surface was made. The hole in the trench revealed the broken
area (0.2±-J present at about elevation 521.3 and the centerline
hole indicated the broken zone at a lower elevation which indicates
the zone =ay dip steeply along a strong joint that is present about
3 feet to the left of the trench face. Geologic sections, mapping
and a boring plan will be worked up on 29 Sept 87.

3. Reco--endations. it was agreed that on the right side we
would co back about 30 feet toward the abut=ent, from the edge of
the trench, drill a 1 on 1 pre-split line and excavate the rock to
the open bedding plane we can see in the trench at elevation 621.
The amount of dental treatment, if recuired, will be determined at.
a later date. There is a strong joint that runs approximately
parallel to the trench and forms the back limit of the excavation.
This joint seems to form the extent of the slabby, drummy rock that
is present on the right side. Most of the excavation will be in
the range of 3-5 feet. The slabby, druzy rock is not groutable
and would have to be removed prior to embankment placing. This
would leave only about 2 feet, more or less, over the open bedding
plane and there is the possibility that the rock would be lifted
while grouting. It was realized that some competent rock would
have to be removed but all felt it was necessary. The decision
on the left side will be made when the core borings are completed and
the sections worked up. These will be send to ORD and we will
discuss treatment methods on a conference call with CD, ED and ORD.

4. Excavation is continuing on the downstream slope and the ground
water problem still persists.

5. No safety violations were noted. OS\2 3:-; Z

Geologist \;".

CF: \L
CEORH-D-YBC -

CEORH-CD-I

(S-83)



CEO.E-D-2 01 October 1987

?=Yv. R;UMVM FOR RECOM:

SLl-ECT: Trip .eport - Yatesville Lake Project, Contract
No. OACW69-86-C-0039

1. On 30 Sept 87 H. P. Oshel visited the subject project for the
purpose of inspecting the core borings being drilled to investigate
the foundation problems. [ was =et at the project by Steve ornbeck
and Jim Owen, Eb. Chester YcDavid, Dan BOster, Mike Neild of the
project were also present.

2. Background. Reference is made to Trip Report of 25 and 28 Sept.
The contractor is completing drilling the holes referred to in the
trip reports.

3. To date the core borings have indicated that the broken zone
on the left side occurs generally in the range of elevation 514.
Sc-e holes show another broken zone about elevation 510. Right
side excavation was established earlier. A coal seam is present
and is consistant about elevation 507, dipping slightly toward the
right abutment. Mike Neild is drawing up sections and logs and
will deliver them to the District Office on I Oct. At that time
Steve Hornbeck and 1 will call Charlie Canning, ORD, discuss
the foundation conditions and propose a method of treatment.
Also on 1 Oct the contractor will clean off the rock surface
to the left of the trench and we will inspect and map the surface
and reco=end treatment on 2 Oct. At the present time it appears
that left side excavation will extend to about elevation
514. The contractor will pressure test and backfill all holes
tomorrow. The problem may be how to transition from the 621
elevation on the right side to the 614 on the left.

4. Overburden excavation was still in progress on the downstream
slope.

5. No safety violations were noted.

Geologist

C CF:
CEORH-CD-I
CEORH-CD-YBC
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C EORHM-CD-! 5 October 1987

.Mv.-)DUM -'OR RECORD:

SUBJZC!T: Trip Report: Yatesville Lake Project, Contract
No. DAC69-86-C-0039

1. On 2 Oct 1987 B. P. Oshel visited the subject project. I was
=et at the site by Steve Hornbeck and Jim Owen, both ED-G. The purpose
of the visit was to establish the excavation limits for the brokenC zone on the left side of the trench which runs up and downstream
tnrough the valley bottom.

2. The geologic sections were reviewed and the rock surface on the
left side was closely inspected. There were no continuous joints
or open planes on this side. There were a few drummy thin bedded
layers that will have to be removed prior to placing embankment.
It was decided to step back from the left face of the trench about
8-10 feet, just back of core hole No. 4, drill a pre-split line and
remove the rock to approximate elevation 521. Depending on where
the broken zone is in the area of the excavation dental concrete or
same additional excavation may be required to treat this feature.
Hornbeck and Oshel then called Charlie Canning, ORDED-G and presented
the planned excavation program to him. Canning agreed with the plan
and will visit the job next week to inspect the excavation.

3. On the right side of the trench the previously determined excavation
was in progress. Rock was being excavated between the pre-split line
and the trench using a back-hoe and dumps. The excavated rock was
being placed in the downstream random section and consisted of a
moderately hard, grey sandstone Not enough material had been ex-
cavated so the bottom could be seen. It should be cleaned up in
a couple of days.

4. No safety violations were noted.

H. P. OSHEL
Geologist

CF:
CEORH-CD-I

V_..0RH-CD-YBC

OCT 1987
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MRMMMIi FOq RECORD

SJBJEC-1: Trip Report - Yate-ille Lake Project Contract No. DACM69-96-C-0039

1. On 6 October H. P. Oshel visited the subject project. The purpose of the visit
was to inspect the foundation excavation of the -broken zone in the valley bottom
and decide when ORD Geotech Rep should visit the job. I was met at the project by
Steve Hornbeck and Jim Owen both ED-G.

C 2. The contractor had drilled, shot and excavated the broken zone on the left side
of the valley. The pre-split lines are good but the bottom was covered with water
and cud and could not be observed. It will be washed down and cleaned by 9 Oct.
We could observe a good flow of water coning fro= the bottom. There was a joint
or bedding plane near the toe of the left side pre-split line, which meandered more
towards the center of the excavation as you look downstream, that was making most
of the water. Where this plane could be observed I was able to run the ends of my
fingers in it. Coal fragments and sand were being washed out of the opening.

3. Steve and I called Charlie Canning, ORD-G, and decided that the best time for
him to cone to the job would be Friday. We will meet him at the project, at which
time a close inspection of the bottom will be made and treatment, if any, will be
decided.

4. Grout hole drilling had been initiated on the right side and to date 5 holes
have been drilled.

S. Placement of random rock fill in the downstream section was still in progress
and about 3-5 feet had been placed.

6. No safety violations were noted.

H.P SHEL
Geologist

C
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OI
20 Oct 87

CEORH-CD-I

WEMORANDUM'FOR RECORD:
SUBJECT: Trip Report - Construction of Dan - Yatesville Lake,

Kentucky, Contract No. DACN-69-86-C-0039

1. On 9 Oct 87, H. P. Oshel visited the subject project. The-
purpose of the visit was to inspect the valley bottom where
the broken rock zone had been excavated. I was met at the
site by Steve Rornbeck, Jim Owen and Jerry Phelps, OdRED-G and
Charlie Canning and Russ Foudalier, ORDED-G.

2. We were informed by Ray Boley, RE, that progress had been slow
on clean-up in the bottom and that he talked with the
contractor about this. When we viewed the bottom, it was
still about 80 percent covered with mud and water and nothing
could be seen. The portion from the toe of the left abutment
to the trench had been washed down and we were able to inspect
it. With the exception of a good bit of drummy rock, the
surface looked good. Several joints were present which may
have to be treated. We decided to return on 15 Oct to inspect
the bottom. Water was observed running through joints or open
bedding planes in the bottom.

3. Jerry Phelps expressed some concern that we were not
removing all the overburden from the valley walls prior to
placing random embankment. Ray 'Boley stated that all the
random had been placed against rock abutments. The area in
reference was just above where the embankment was being
placed and was a small overburden slide on the bedrock.
All the abutments will be stripped to rock. 'There was also
some confusion about the amount of a random embankment we had
placed. Some thought it would only be about 50 feet wide from
the downstream 'slope whereas it's about'50 feet downstream 
from the transition. After the lift, we will bench and step
-back about'35-feitand-bring"it u 'to'the-'igiedelvition 'of .
570. Ray Boley explained the planned embankment placing to
the group and it's my understanding that all are aware of
what's being done and why and are in agreement.

4. No safety violations were noted.

HOMER P. OSHEL, GeologistConstruction Division5
S&1/ Branch

CF:

CEORH-CD-I, (Oshel), wd ....
VCEORH-YBC, wd
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CEORH-CD-l 28 October 1987

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project, Ky. Contract
No. DACW69-86 C-0039

1. On 23 October 1987, H. P. Oshel visited the subject
project. The purpose of the visit ias to izspect the
excavated area of the broken zone that had not been covered
by concrete and discuss the grouting with-Mike Neild and Ray
Boley.

2. The grouting program is being accomplished as follows:
drilling and grouting t;ie upstream aid downstream lines at
the same time, doing all holes and completing Zone I; we will
complete all the right angles holes in the bottom before
drilling the left angled holes; the planned 3 lines of grout
holes will be completed prior to drilling/grouting the added
consolidation holes; Pressure app:ied 4 psi, Zone I, 5 psi,
Zone II; the center line of holes, where requirediwill be
done after completing the up and downstream lines; the
program was started with sections, sta 3+00 to 4+90 but due
to the limited space, the alterrating sections couldn't be
maintained, but the required distances and time were
followed; the water pressure test is being done on holes near

the drilling operation. Mike Neild is keeping a good
sectional plan of the grout holes and takes.

3. During the past 4 days, the excavation we required in the
broken zone (MFR dtd 22 Oct 87) was accomplished and
approximately 2/3 or more of the area was backfilled with
concrete. A total of 277 cy was placed on 22 October. The
downstream part, about 40 feet long, will be backfilled on 23
October. The rock was being cleaned while I was on site and
the cleaned area looked very good. At the base of the
excavation, ele 5151, a thin section of the broken zone could
be seen and looking across the downstream face of the
excavation from left to right and going up in elevation, the
broken zone widened to an area about 20 - 30 inches wide.
Large areas of grout could be observed in the broken zone.
This grout apparently came from coreA ho. 6 when it was

backfilled, which means the grout moved about 30 - 35 feet.
In several places, water was coming out of the broken zone.
These areas are being referenced and, if necessary, grout
pipes can be set at a later time.

(S-88)



4. The downstream random fill will be up to elevation 570
today. This is the highest elevation we~will place to this

season. Concrete had also been placed in the intake
j 1 structure to elevation 635 and was covered and heated- when

-necessary.

5. No safety violations were noted.

6. Photos were taken and are on file.

H. P.- OSHEL
Geologis't

-2-(
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CEORH-C.D-1 28 October 1987

MEHORANDUM FOR RECORD

SUBJECT: Trip Report, -Yatesvill.Lake, Contract No.
DACW69-86-C-O039

) ]. On 27 October i987, H. P. Oshel visited the subject
:project. I was accompanied by Gene Weekly, LTC. of the EPA
Branch. The purpose of the visit was to inspect and
coordinate the grouting program and izpect a rock cut bench
on the left abutment.

2. The contractor was drilling grout- holes in the valley
bottom about sta 6+40. While we were on the site, a
downstream Zone I hole was completed t6 54 feet. A large
artesian flow was encountered-at approximately 53 feet. No
grouting was in progress while we were on site.

3. A bench on the left abutment at approximate ele 635 was
inspected. After the rock was cleaned, several joints in the
rock were present. The joints run in an up and downstream
manner and are in- sandstone. The sandstone at this bench
elevation is 2 - 3 feet thick with shale underlying. The
joints appear to stop at the base-of the sandstone. One major
joint runs the complete width of the core trench and is a
fairly strong joint. It has also been somewhat loosened by
blasting as several shattered rock zones from the production
shot can be observed. This joint is located about midway
between the toe and outer edge of the bench. Three other open
joipts are present in this outer part of the bench. It was my
recommendation that.we step behind the strong joint that
crosses the core trench, line drill and remove the rock down
to the underlying shale. Representatives of ED-G will inspect

this area tomorrow.

4. In a discussion of the grouting program in the RE office,
we discussed a recommendation by Charles Canning, Division
Geologist, that we increase grout pressures in Zone II from 5
psi to 10-15 psi. By setting a packer down at least 5 feet,
we feel that the increased pressure can be safely applied.

5. All the broken zone rock excavation and replacement with
dental concrete is complete. A total of 523 cy of dental
concrete and grout were used. Pipes for contact grouting were
set.

6. No safety violations were noted.

H. P. OSHEL ji
Geologist

(S-90)



CEORD,-ED-G 28 October 1987

MHORMID1L FOR RECORD

SUBE: Trip Report, Yatsville B", Inspections of the Broken 'Zone Dental
Eicavaiion

1. -Dates. This report is a composite of five trips made between 21 September
1987 and 22 October 1987.

2. Purpose. The purpose of the trips was to consult with district
geotechnical and construction personnel on various investigations and
treatments for the broken-zone.

3. Attendees. For'attendees, see.list, attachment 1.

4. Background. During the week of 14 September 1987, Mr. Steve Hornbeck
(CEORH-ED-GG) telephoned Mr. Ch3rlie Canning (CEORD-ED-G) and informed him
that the contractor would have the foundation-for Yatesville Dam uncovered by
the end of the week. A site visit was scheduled for 21 September 1987 to
inspect the foundation. Mr. Canning met with district and resident personnel
on the morning of 21 September 1987. A broken zone extending upstream and
downstream near centerline station 5+80 + had been uncovered prior to the
visit (see photos 1 through 4). A detailed inspection of the zone was not
possible at this time as the area had flooded during the weekend due to a pump
failure. The group met in the resident's office and agreed that exploratory
core borings should be taken on each side of the zone to determine the type
and extent of treatment required (see figure 1 for locations of borings).

On 25 September 1987 the district informed CEORD-ED-G that most of the core
borings would be completed and a meeting would be held at the site on Monday,
28 Septenber 1987. Mr. Fondelier and Mr. Canning met with district and
resident personnel on this date to examine the core samples (see photos 5
through 10). After the inspection the group met in the resident office and
agreed to excavate back from the broken zone to a distance where there would
be a minimum of 5 feet of sound rock over the zone as shown in figure 1.

Mr. Hornbeck informed division personnel that the contractor had completed the
excavation and would have the site ready for inspection on or about 9 October
1987. Mr. Fondelier and Mr. Canning met with district and resident personnel
on this date. However, the contractor had not completed clean-up and sections
of the broken zone were flooded. Therefore, *the final inspection of the
broken zone ras delayed until 15 October 1987.

On 15 October 1987, division personnel met with district and resident office
personnel to inspect the broken zone and determine the method of treatment to
be used. The group mutually agreed that the bottom of the broken zone should
be lowered an additional 3 to 4 feet or to sound rock, whichever came first,
and backfilled with concrete (see photos 11 and 12). Additional excavation in
the downstream area would also be required due to an open joint and

C9 d,
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CEORD-ED-G . 28 October 1987
SUBJECT: Trip Report, Yatesville Dam, Inspections of the Broken Zone Dental i
Eicavation

rock along a bedding plane (see photos 13 through 15). Once excavation in the
area (shown in photo 15) was completed, the team would make a final inspection

V before placing backfill concrete. During the inspection the group also
C discussed the treatment for the right side presplit -slope face. In the

upstream area the partially"open bedding plane'as shown in photo 17 would be
treated with concrete. A second open bedding plane (shown in photo 18)
located downstream would be'excivated back toward the right abutment and
treatd with concrete.

Hr. Hornbeck informed division personnel on 20 October 1987 that the
contractor had completed the additional excavation requested by the team on
15 October 1987 and the broken zone would be ready for inspection on or about
22 October 1987. Division personnel traveled to the site on 22 October 1987
and met with district and resident personnel.

5. Observatiors made during the 22 October 1987 visit. The contractor had
completed the excavation and clean-up in preparation for placing backfill
concrete. The bottom of the broken zone had been excavated to an average
elevation of 518+. It was evident in some areas that the zone extended below
the present surface and a highly broken zone remained in the left face of the
excavation (see photos'21 through 24). The rock in the bottom and the broken
zone in the slope face did tighten up in the area starting approximately 20
feet upstream of the concrete form which was set just downstream of the
impervious core placement surface (see photos 24 through 27 and 29 through
33). The remaining broken zone downstream of the form had not been cleaned;
therefore, final inspection was not possible (see photos 32 and 33). However,
the additional excavation recommended during the 15 October 1987 site visit
remov.ed the zone of the open joint downstream from the impervious core and
transition placement surface (see photos 13 and 14) and a large section of the
near horizontal broken zone (see photos 14 and 15).

6. Recommendations. Upon completion of the inspection, the group discussed
treatment of the zone and recommended the following:

a. Concrete should be placed approximately 2 feet above the broken zone
along the left slope as shown in photos 21 through 27. To prevent a feather
edge the concrete should be placed horizontally for 3 to 4 feet toward the
right side before sloping down to the right face as shown in figure 2.

b. The bottom of the excavation should be covered with a sand grout mixC and broomed into cracks and joints.

c. Grout pipes should be installed near the upstream end of the
excavation over open joints as shown in photo 28.

2



CEORD-EDLG 28 October 1987

SUBJECT: Trip Report, Yatesville Dam, Inspections of the Broken.Zone Dental
Excavation -

d. Grout hole locations should be marked along the left slope and mapped
for future drilling-and grouting. These locations are noted'on photos 23
through 27.- - C I

e. Grout.holes in the broken, zone should be grouted, upon completion of
the grout curtain.

f. The upstream face of the broken zone excavation should be treated
with concrete (see photos 36 and 37);

S. The open bedding planes on the right face of the excavation should be
treated with concrete. This area is shown in photos 17 and 18.

7. Conclusions. Based on the lithology and ihe configuration of the broken
zone, the group agreed that little would be gained to take the excavation any
deeper due to a coal seam and associated soft indurated clay zones as shown in
photos 7 and 8. It was the opinion of the group that concrete fill and
additional grouting will form a satisfactory protective barrier for the
impervious core.

8. Future Actions.

a. The district should keep CEORD-ED-G informed of the progress of the
grouting and foundation treatment and the scheduling of site visits to inspect
and review critical phases of construction.

b. The district should notify division personnel prior to grouting the
broken zone.

c. Since the danger of jacking up the horizontal beds is great,
Construction should have a person highly experienced in pressure grouting
assisting the project geologist at all times.

d. During several of these visits there were informal discussions
regarding the adequacy of the 12-inch maximum size processed sandstone to
provide filter against the insitu rock faces at the upstream and downstream
ends of the core trench. No decisions were made on this issue as these faces
had not yet been totally cleaned and it was anticipated that fill placement
would not begin until next construction season. The weather has been
excellent and the contractor is now progressing with foundation cleanup and

C treatment to such an extent that he may be in a position to place some fill
before winter shutdown. It is therefore imperative that an evaluation of the
materials to be placed in the core trench between the impervious core and the
upstream and downstream excavation faces be made expeditiously. The district
should advise the division on the results of this evaluation.

3
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CE4P.-ED-G 28 October 1987SUBJE/ : Trip-Riport, Yatesville Dam, Inspections of the Broken Zone Dental
Eicavation eBoe oeDna

e- PDivisio6 should schedule regular visits to the site during groutingand foundation, preparation, and should make a final inspection of thef4undatlonprior to fill placement.
9. The undersigned vish to thank district and resident personnel for theircooperation in keeping the division informed of the foundation problems andfor the joint effort by everyone involved in solving these problems.

CHRLES G. CANING SS ERDivision Geologis Dii S.Pils Engineer

CF: CEORD-CO
CEORH-CD
CEORH-ED-GG

. ,,ateville Project Office

C
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YATESVILLE DAM MEETINGS
LIST OF ATTENDEES

21lSep 28 Sep 9 Oct 15 Oct 22 Oct
Charles Canning CEORD.-ED-G I x I - x IRuss Fondelier CEORD-ED-G x I I XJerry Phelps' CEORH-ED-G x x x

(2 Steve gornbeck CEORH-ED-GG I I x x XJim Owen CEORH.-ED-GG I I x X X
John Bertram CEORH-ED-GG x
Pat Oshel CEORH-CD--I x x x x
Dave Nugen CEORH-CD-SWJ I X X
Chester Mc~avid CEORH-CD -YBC x x x x x
Dan Baster CEORH-CD-YBC I x x x I

,.Mike Neild CEORH-CD-YBC x x X x X
Ray Boley CEORH-CD-YBC x x x x

(S-95)
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CEOR -ED-GG 29 October 1987

MEXORANDUM FOR RECORD - TRIP REPORT

S SUBJECT: YATESVILLE DAN - PHASE II CONSTRUCTION

1. on 28 October 1987 Messrs. Owen and Rornbeck visited the
subject site with Messrs. McDavid and Boster of the Resident's
staff.

2. An inspection was made of the latest excavation on the left
abutment near the inf1ection point at the bottom of the abutment.
Th bench above the inflection point had a number of fractures
trending across the bench in an upstieam to downstream direction
which were either caused by or aggravated by blast holes drilled
slightly below the grade to which the bench broke. The fractures
necessitate the removal of approximately four feet of rock to a
small shale seam which was apparent on the excavated face in
fLont of the bench. The second bench above the inflection point
appeared satisfactory, while the third bench above the inflection
point was concealed by an access road.

3. The impervious blaket upstream of cell *7 has been com-
pleted and tied into the blaisket for cells 1 thru 6.

4. The revisions to the downstream diversion dike have been
completed, except for the placement of the sand bags.

5. Mr. Boster indicated that the Contractor wants to place some
impervious core material this year. Prior to placing additional
embankment, the foundation for the impervious core, processed
sandstone, and sandstone and random rockfills will require the
following:

A. Concrete treatment of the end zones of the
foundation trench will be required.

B. Completion of 4rilling and grouting.
- C. Completion of dental treatment. Lo .-
D. Excavation of existing random fill back 20

feet from the existing slope to remove oversize material
and to remove the zone of reduced compaction at the edge
of the fill.

E. Final cleaning of the abutments.
F. Cleaning and foundation preparation for the

impervious core and processed sandstone zone.
G. The limits of the processed sandstone and im-

pervious core should be permanently marked on the abut-
ments.

(S-98)



mU

CEORH-ED-G MFR-TRIPiREPORT YBC 29 OCTOBER 1987

6. It is noted-for the record that if placement of the main em-
bankment begins this year, that portion of tih concrete slab on
the coffer dam-berm which-is broken prior to placement (up to
fpur vertical feet ahead of the-placement of the fill) would
remain exposed throughout th' coming flood season.

7. At the present time the Contractor is in the process of
placing formwork for the spillway bridge deck

g ames V. Owen ephenT. Rornbeck
Civil Engineer Geologist
Soils Section Geology Section

CF:
CEORH-ED
CEORH-ED-D
CEORH-ED-H
CEORH-ED-G

>CEORH-CD
CEORH-ED-B

2

(S-99)



CEORH-CD-I 
3 Nov 87 Y 9

HEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project Xy, Contract
No. DACW69-86-C-O039

I. On 30 Oct 87, H. P, Oshel. visited the subject Project.The purpose of the visit was an inspection of the groutingoperation and rock on the left abutment at about elevation630+. 9teve Hornbeck and Jim Owen,. ED-G were also present.
2. No grouting was in progress on this date. The contractorwas setting grout pipes up the right abutment. The grouthole with the large artesian flow referred to in the tripreport of 27 Oct had been grouted, taking about 80-90 bags.During our field inspection, the contractor was givenpermission to drill and grout starting up the left abutment.

3. The 635 bench with the open joint that was discussed inthe 27 Oct trip report had been shot out as directed and waspretty well cleaned up. Two joints are still present andalthough they are open at the surface, the group felt thatthey could be treated, i.e. grouted and dental treated.Several isolated pieces of loose rock will have to beremoved prior to embankment placing.

4. No safety violations were noted.
/.. I / .

H. P. OSHEL
Geologist

C

0 0o
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ClORII -CU-I 4 Nov 87

MEMORANDUM 
FOR RECORD

SIIBJECT: Trip Report, Yatesville-Lake Project Ky, Contract No.DACW69-86-C-0039

I. On 3 Nov 87, H. P. Oshel visited the subject project. Thepurpose of the visit was an ongoing inspection of the
foundation grouting program.
2. Grouting was in progress in the valley bottom at about sta5460 on the upstream grout line. At the time I left, about 20bags had been pumped in this hole. Hike Heild, Dan Bosterand myself discussed the program. We agreed that theconsolidation grout holes would be on 10 foot centers. Theyare located along the centerline of the up and downstreamtransitions. These grout holes along with the 'B' line holeswill be done after the A and C lines are completed. Allgrouting is complete from sta. 4+90 t& 3+00. The contractorwas setting grout pipes up the left abutment. The contractorhas ample room in which to drill and grout. It is myunderstanding that the prime is restricting all his work tothe valley bottom.

2. No safety violations were noted.

H. P. OSHEI,
Geologist

.. .- /
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CEORH-CD-l 16 Nov 87

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project Ky, Contract
No. DACW69-C-0039

1. On 12 Nov 87, H. P. Oshel -visited the subject project.
The purpose of the visit was to meet with representatives of
Engineering Division and ORD Geotech representatives to
discuss the grouting program and proposed changes in the
embankment section. A list of attendees is attached.

2. After a brief office discussion of the grouting progress
to date, the group inspected the work area. Grouting was in
progress in the valley bottom. While we were on site, one
hole was completed and another started with very little grout
take on either. The contractor has set nipples and initiated
hole drilling up the left abutment. Grout takes of up to 300
bags have occurred in deeper holes, ie-50-70 feet, where
heavy artesian flow has occurred. There have been very few
connections to adjacent holes. A discussion was held
concerning bench at elevation 631-2 on the left side. This
is the bench discussed in my trip report of 30 Oct. After
inspection, the group agreed that the open joints referred to
could be treated by cleaning and grouting with some
additional shallow holes. It was observed that we had some
grout leakage along a shale seam at the base of this bench.
In my opinion, this indicated effective grouting. The
remainder of the valley bottom was inspected. Brief
discussions ensued concerning jacking the foundation and
various treatment prior to embankment placing. Charlie
Canning, ORDED-G insisted that CD needed an experienced grout
inspector. Ray Boley and I stated that we felt Mike Neild
was doing a good job and we were monitoring the grouting and
had no problems with his work. Mr. Canning felt that some
situations could arise which an experienced person could help
out, specifically, jacking the foundation. He also reminded
us that he had a commitment from CD to have an experienced
person on the job. We told him we would consider his request
and could detail John Lusher to the job.

( 3. The meeting continued in the RE's office. Russ
Foundlier, ORDED-G felt that a change in the embankment
section was needed. He felt that the rock fill against the
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S downgtream impervious was gap graded and the fines in the
impervious could be piped into the rock fill. He felt that
we needed a sand drain from the foundation up. This would be

f 8 feet wide. Jerry Phelps said a slightly dirty concrete
sand would do. Engineering Division will issue a request for
a modification. ED-GS had also worked up some gradiation
curves and sections which are attached. Dan Boster pointed
out that the curves for the random rockfill embankment are
not gap graded. Our present concrete sand has about 0.7%
passing a No. 200 seive. It was stated that if we believe the
random embankments test fill gradiations, we could eliminate
the drains, but we will put them in anyway. Treatment of the
upstream area was discussed and ED would like to hold off on
this for awhile, i.e. they are not ready to propose a mod at
this time, although we did discuss a sand drain to some
extent. A rough sketch is attached.

4. We discussed the location of the additional grout lines in
the trench portion of the valley bottom. As reported in my
MFR of 3 Nov, we had planned to complete the 2 required lines
Prior to doing the optional B line along with the
consolidation holes and the contact holes. As suggested in
a previous meeting with ORD representatives, the consolidation
holes would be located in the center of the up and downstream
transitions. Some concern now exists as to the location of
the downstream line, as this could allow water to build up
between the grout lines and possibly exit to the downstream
under pressure, like a nozzel effect. Some thought it was
better to let the water dissapate and have no downstream
grout line or move it near the downstream toe of the core. It
was also pointed out that the downstream consolidation
program could just be gravity grouted to fill any voids
encou;atered. As I understand it, ED will propose to CD in
writing this additional work. Charlie Canning said the holes
we are going to drill near the upstream sump should go
through the dental concrete and about 10 feet into rock.

4. No safety violations were noted.

H. P. Oshel
Geologist

at tachmnt

Cr'
CEORll CI) YBC
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W 12 Nov 87
W Yatesville Attendees

Charlie Canning CEORD
-~ Russ 1Foundalier CEORD
Jerry Phelps CEORH-ED-G
Jim Owen CEORH-ED-G
Steve Hornbeck CEORH-ED-G
Pat Oshel CEORH-CD
Ray Boley CEORH-CD-_YBC
Dan Baster CEORH-CD--YBC
Chet McDavid CEORH-CD-YBC
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CEORH-CD ]8 Nov 87

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatdsv ille Lake Project, Ky. Contract
No. 6ACW69-86-C-0039

I. On .17 Noy 87, H. P. Oshel visited the subject project.
The purpose of the visit was an inspection of the on going
grouting program.

2. Grouting was in progress in the trench portion of the
val'ley bottom. Consiaerable grout was being placed between a
3 to 1 and 5 to ] mix. It was found that a heavy mix such as
1:1 would plug off the hole. The contractor has set up 2
grout plants in the bottom and plans work both. Drilling was
also in progress on the left abutment. John Lusher is now on
the job working with Mike Neild. The way I see it, drilling
and grouting in the valley bottom will probably take another
three weeks.

3. Two concrete placements were made on the spillway bridge
deck yesterday., 16 Nov 87. Heavy rains delayed work today.

4. No safety violations were noted.

H. P. OSHEL
Geologist

CV

(S-105)



CEORH-CD-I 1 December 1987

MEMORANDUM FOR RECORD

i -- SUBJECT: Trip Report, Yatesville Lake Project Kentucky,
Contract No. DACW69-86-C-0039

1. On 30 Nov 87 H. P. Oshel visited the subject project.
The Purpose of the visit was to discuss and inspect the
foundation grouting program and the initiation of the test
fill program.

2. Grouting is continuing in the valley bottom. Work is
still in progress on the A and C lines, with quite a few

4 Zone II holes remaining. The B-line along with the added up
and downstream lines -have not been started. We anticipate
about 3 more weeks work in the valley bottom.

3. The first lift was being placed for the test fill. All
lifts are 1-foot with various compactive efforts as
decided in a joint ORD-ORHCD-ED meeting. The fill is being
placed on the downstream random section. The compaction
requirements are painted on the left abutment rock and the
zones are clearly staked. The operation looked very
satisfactory.

'4. A severe erosion problem was noted near the spillway
bridge at 3ta 17+50 access road, where the 24-inch pipe
daylights on th6 fill section. There is a deep (12-18")
ditch from the scour pad to the bottom of the slope. We will
put a stone lined ditch to the bottom of slope. This will be
paid for under the roadwork pay items.

5. No safety violations were noted.

P. OSHEL
Geologist

( 1I
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CEORH-CD-I 4 Dec 1987

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Like Project, Ky.
Contract No. DACW69-86-C-0039

1. On 3 Dec 1987, H. P. Oshel visited the subject project.
The purpose of the visit was to meet with representatives of
CEORD-ED-G and CEORD-ED-G and inspect the test fill operations
and discuss progress to date. The ongoing grouting operation
was also inspected. A list of attendees is attached.

2. The contractor is in the process of placing the third
one-foot lift on the test fill. The sandstone appears well
graded. The D-7 dozer working the fill would break down any
rock that would not fit it a 12-inch lift. The material is
all sandstone from the rockborrow area. Fill elevation is
about 573. The fill is divided into 4 zones, each receiving
different compaction requirements. We observed complete
cycles of dumping, spreading and compacting. Two small holes
were dug (approximately 12xl2 inches) to visually look at
compaction and voids. No voids were observed and compaction
appeared good, checking with penetration of a pocket knife
although to the eye the section compacted with the vibratory
roller appeared tighter. The fills should be completed in
about 3 days depending on the weather, at which time we will
start the test pits.

3. Grouting. The contractor was backfilling the completed
grout holes and drilling on the left side. All available
holes were grouted yesterday. He worked until 10:00 p.m. last
night. Pipes had been set for the B-line and the pipes were
being set for the additional up and downtream lines. The left
slanting holes on the C-line remain to be completed after
which he will start on the B-line holes.

4. A discussion of the field inspection ensued in the RE's
office. ORD would like to look at the test pits late next
week. It was noted that the test fills look good. The rock
is breaking and the compaction equipment doesn't make much
difference other than the sheepsfoot. We prefer the
vibratory. The inplace moisture on the rock is 2 to 3%
and the density of the previous test pits were 132 to 133 lbs.
which was the design assumption. The added downstream line of
grout holes should either be gravity grouted or very low
pressure grouted.

5. No safety violations were noted.

H. P. OSHEL
Geologist
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CEORH-CD-I 14 December 1987

MEMORANDUM FOR RECORD

SUBJECT: Yatesville Lake Project, Kentucky,
Contract No. DACW69-86-C-0039

1. On 10 Dec 87, H. P. Oshel visited the subject project.

The purpose of the visit was to meet with representation of
Engineering Division and ORD Geotech. Present from ORHED-G
were Steve Hornbeck and Jim Owens and ORDED-G, Russ

Foundalier and CharlieCanning. Ray Boley and Dan Boster
CD-YBC were also present.

2. The contractor has completed the test fill and is in the
process of digging the required 4x4x4 test pits. Of the
initially required 4 pits, onc has been completed and one was
underway. The pits should be completed by Dec 15th. The
test pits looked very good, no voids were noted in the walls
and the rock appeared well graded. Gradiation results will
be furnished to us by the contractor.

f 3. Grouting operations were still continuing in the valley
bottom. Grout pipes have been set for the B-line holes along
with the two additional up and down stream lines. Pressure

,I testing and drilling were in progress while we were on site.
Charlie Canning seemed to be satisfied with the work. Both
John Lusher and Mike Nield were on the job. Artesian water
is still being encountered drilling some Zone II holes in the
bottom.

4. The erosion problem at access road sta. 17+50 as noted in
my MFR of 1 Dec 87 has been corrected. A Type 2 stone ditch
has been placed down the entire slope. Grading was in
progress at the base of the slope and should be completed
today.

5. No safety violations were noted.

Geologist

Os-Lo
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CEORH-CD 18 March 1988

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project, Contract No.
DACW69-88-C-0039

1. On 16 Mar 88, H. P. Oshel visited the subject project. The
purpose of the visit was to inspect the ongoing dental concrete
and the cleaning operations in-the valley bottom. I was met at
the site by Steve Hornbeck and Jim Owen, ED-G.

2. The dental concrete work is progressing well. The coal and
shaley area on the right abutment is completed and the contractor
is stripping the forms. All dental work in the lowered section
of the valley is essentially complete.

3. Water was seeping into the foundation through fractures in
the rock near the upstream center of the lowered area. This
seep, which is in a lower area of the foundation, is directly
related to the amount of weter being pumped from the sump which
is about 20 feet upstream. When the pump is running, the flow
stops. We decided to pump the water down, clean and remove
drummy rock, pack the fractures with oakum and dental concrete
the area. Pumping would be in progress during this time.

4. Drilling for grout holes was in progress on the left
abutment. It is expected that all drilling will be complete in
2-3 weeks.

5. No safety violations were not

AT OSHEL

Geologist

CF:
CEORH-CD-YBCi"

C~~ 
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CEORH-CD (1180) 19 April 1988

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Tatesville Lake Project, XT,
Contract No. DACKs-85-C-0039

1. On 13 April 1988, H. P. Oshel visited the subject
project. The purpose of the visit was to observe
embankment placing operations and meet with representatives
of Engineering Division, Steve Eornbec', Jim Owen and Larry
Franks, ED-G.

2. Concern had been expressed by ED over the movement and
cracking of the impervious material under rubber tired
equipment. The above mentioned, myself, Ken Zimmerman and
Dan Boster of the project observed the embankment placing.
The material, which is a very silty clay, was pumping and
showing some surface cracking under the movement of scraper
tires. We had been informed by Brian Withers that all
compaction tests met our requirements and all but one
noisture test had passed. It was over by O.5Z. The
pumping and cracking is due to the silty nature of the fill
material. After discussing the issue, it was decided to
have a scraper cut a 3-foot deep trench, about 15-20 feet
long across the impervious near the upstream edge, just
right of the drain. We also decided to cut a block sample,
these are pay items in the spec's, from this area and ship
to ORDL for testing. The block sample will be taken just
upstream from center line about sta 5+75. After the
scraper had cut the trench, we observed no cracking in the
fill other than a couple in the uncompacted top lift. The
fill was so tight that it was difficult to shove a knife
blade into the fill. Engineering Division was satisfied
with the embankment placement operation. The block sample
will be cut tomorrow. CD personnel were concerned about
the effects of the movement of the scrapers over the fill
and the shearing effect they have on the compacted fill
during the excavation of the trench. The embankment will
have to be disced and recompacted prior to resuming
embankment placing operations. We also ran a loaded
scraper close to the edge of the trench to see if cracking
occurred, none was observed.

3. ED also had concerns over the removal and placement of
, material from the upstream haul road in the upstream
sandstone rockfill. ED feels this material should be
removed or placed in downstream random zone.

4. In the vicinity of sta 4+25 to 4+50, +, a shale sean
about 4-6 inches thick was present. This was in the form
of a lobe with sandstone underlying the shale. At the time
this area was to be covered with impervious, a small water
seep between the shale and sandstone was detected. A small
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CZ032-CD
SU3JECT: Trip Report, Yatesville Lake Project, IY,

Contract No. BACS9-85-C-0039

depression was cut in the sandstone very near this seep and
a 8-inch riser pipe set with rock spells and szall rock
placed around the base to allow the water to seep into the
pipe. After this was done, embankment was placed and hand
compacted around the pipe. The contractor set a pump at
the pipe and would pusp when water would build up.
Engineering people did not like this pipe and thought it
should have been concreted in rather than having stone -
around it. They felt that water could seep int the
exbankzent. Ye discussed sethods of backfilling the pipe.
It was decided to grout the bottoa portion, place 2 feet of
bentonite and concrete up the remainder.

5. The contractor was also breaking up the concrete slab
on the upstream slope. This was being done with a single
tooth ripper on a D-8 dozer. The concrete was being cut
coxpletely through on 10-foot centers. ED-G would prefer
that we rip across the concrete on 10-foot centers so as to
produce a block effect.

o No safety violations were note

LFSTOSHEL
Geologist

CF:
CEORB-CD-YBC

APR 12B3
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CEORE-CD (1180) 6 April 1988

MEMORANDUM FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project, Kentucky
Contract go.-DACM69-86-C-0039

1. On 25 Mar 88i N. P. Oshel visited the subject project.
The purpose of the visit was to inspect the foundation
prior to the contractor initiating embankment placementCoperations. Others present were Jim Owen and Steve
Eornbeck, ED-G, Russ Foundilier and Wayne Siartz CEORD-ED-G
along with the Resident Engineer.

2. The valley bottom area of the foundation was inspected
in detail. Loose and drummy rock was marked for removal.
Joints that needed cleaned out and grouted were also
noted. Generally, the foundation clean-up and preparation
looked very good. The contractor plans to work over the
week-end to complete the cleaning so that fill placement
can start Monday, 28 March.

3. -After the inspection, a meeting was held in the RE's
office to discuss the inspection and placement procedures.
The group agreed that clean-up and foundation preparation
was proceeding very well. A lengthy discussion followed on
the method of placing the initial lifts of material in the
valley bottom. Much concern was expressed by ED and CEORD-
-D representatives about running equipment across the rock
in order to make the first lift. It was decided to end-
dump the sandstone rockfill at the upstream toe, shove it
into the lower most foundation area and then shove the
impervious ahead so that traffic over the foundation rock
would be held to a minimum. The first lift of impervious
will be compacted with wheeled equipment. We went back to
the job site to make sure all were in agreement about what
we would do and where.

4. Project geologist, Mike Nield, is mapping the foundation
on a 1 to 10 scale map. Photo's are being taken.

5. No safety violations were noted.

o1ogist

CF:CEO(B-CD-YBC/-o
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CEORH-ED-GS
MEMORANDUM FOR RECORD -

SUBJECT: YATESVILLE DAM, PHASE II CONSTRUCTION 18,April [988

1. On 12 April 1988, Messers Hornbeck and Owen visited-the site
C1 and reviewed the work in progress.

2. At this time, placemeut of the impervious core, and the up-
stream and downstream processed sandstone zones were at
approximately elevation 534.0, and ripping of the slab was
in progress and appeared satisfactory. During observation
of the impervious core material placement, it was noted
that the scrapers and end-dumps were causing what appeared
to be excessive rutting and heaving of the impervious core
material. It was also observed that an 8"0 standpipe had
been installed 5 feet upstream of centerline in the imper-
vious core at about station 4+90± to top rock. The 8"f
standpipe was reportedly installed to contain the seepage
in the foundation in order to place the impervious core. It
is understood that the standpipe was placed on top of rock
with pea gravel around the base of the pipe prior to place-
ing the impervious material. The standpipe was apparently
not encased in concrete at the base. The fill height around
the pipe at this point was approximately 4 to 5 feet.

3. A meeting of CEORH-ED-G personnel was held on 12 April 1988
to determine if there was a need for revising the
specifications or the remedial measures required. Based on
QA tests, it appears that most of the impervious core
material in place will meet the specificaticns. Of the ap-
proximately one dozen compaction tests performed so far, all
of the tests except one were within the limits of the
specifications. One test was 1/2 percent over or 2 1/2 per-
sent above optimum. Because of the pumping action of the
impervious core, it was decided that a scraper would be used
to excavate a test trench to observe if damage to the imper-
vious core'material due to traffic loading conditions was
occurring.

4. On -1i April 1988, Messers Franks, Hornbeck and Owen returned
to the site, and specified the limits of the test trench.
The test trench was located on the upstream side of the im-
pervious core at about station 5+00±. A visual inspection
of the trench indicated no apparent cracks or separations
along lifts in the base or walls of the trench. The scraper
was then loaded and directed to make several passes within I
to 3 feet of the trench wall. Although the trench wall
would heave and pump, no visible sign of cracking appeared.
During this test, however, some disturbance was done to the
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in place core material due to the turning of the equipment.
In these areas, it was agreed that- the fill would be recom-
pacted. Although it was apparent that the trench walls were
not damaged due to the compaction effort, it was also ap-
parent that the trench may not have been deep enough to
penetrate the zone of core material that was causing the
pumping. It is believed that pumping of the material isprimarily due to the type of material (silty clay), an in-crease in pore pressure, the material being too wet of opit-

mum although meeting the specifications, possible foundation
seepage outside of the core limits that are not being pumped
by the two main standpipes, and surface water ponding be-
tween the core and the concrete slab in the processed
sandstone. It would appear that the pumping action will
continue until the material in the problem area is either
bridged or removed. It was agreed that block samples would
be taken on 14 April 1988 and sent to ORD as soon as pos-
sible to evaluate existing conditions with design values.

5. On 14 April 1988, Messers Coffman, Fondelier, Hornbeck and
Owen discussed the pumping problem of the core, the use of
haul road fill material as fresh 24" sandstone, the location
of the 8"0 standpipe and the preparation of the random fill
face downstream of the centerline of the dam. It was
generally agreed that the results of the impervious block
samples would determine if removal of a portion of the im-
pervious fill at the center of the valley would be required.
It was also agreed by those in attendance and Wayne Swartz,Geologist (CEORD-G), that the existing impervious material
around the 8"0 standpipe and the shale seams that required
the standpipe should be removed. Removal of the shale seam,
and exposure of the foundation would then permit proper
evaluation of the source of seepage and provide for proper
treatment. The use of haul road fill in place of 24"
sandstone was then discussed. Although the haul road was
constructed from sandstone from the rock borrow area, the
material has been subject to severe breakdown and contamina-
tion from hauling equipment and weathering. A visual in-
spection.of the material would indicate the material should
be used as-random or spoiled. During placement of the haul
road material some pumping was noted. Because of the severe
weathering and breakdown of this material, and the concern
witb the pumping action, it is believed that the haul road
material should not be placed in or be used as 24" sandstone

C material.

6. As a result of the above discussions within Engineering
Division and those with ORD, the following should be
revised.

a. The 8"0 standpipe within the impervious core should be
removed along with the required core material down to
top of rock as agreed to by phone. The foundation will

2
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thei be inspected and the remedial actions taken to en-
u re lhat seepage will not be in direct contact with

with core7?material.

b. A-block sample of- the impervious core material will
be taken,_ in the area that- pumps the most and sent to
ORD for testing.

c. The haul road"material will be spoiled as agreed to by
phone.

d. The outer face of the random fill will be removed as
agreed to previously.

Steyen T. Hornbeck /James V. Owen
Geologist Civil Engineer
Geology Section Soils Section

CF:
CEORH-ED
CEORH-ED-D
CEORH-ED-G
CEORH-ED-GG
CEORH-ED-GS
CEORH-ED-GM

-- CEORH-CD
CEORD-G
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CEORH-ED-GS
MEMORANDUM-FOR RECORD

SUBJECT: YATESVILLEDAM, PHASE II CONSTRUCTION 18 April 1988

I. On 15 April 1988, Messers Deeds, Turner, Oshel, Zimmerman,
Mc2avid, Boster and Hill of CEORH-CD met with Messers
Phelps, Hornbeck, Owen and Meadows of CEORH-ED-G, at the

project site. The main purpose, of the meeting was to in-spect the area of the S"o standpipe.

2. The foundation in the area of the standpipe indicated two
small leaks in the area where the weathered shale had been.
One leak appeared to be exiting from a clay seam ap-
proximately 10' upstream of the previous location of the 8"0
standpipe and the other leak was at the upstream side of the
trench near the contact zone between the processed sandstone
and the core. It was .agreed that the area closest to the
centerline would require dental treatment and the area of
seepage at 10' upstream of the centerline would require a
standpipe. The standpipe will be placed directly over the
seepage and anchored into rock with concrete.

3. Use of the haul road material was then discussed. In gener-
al, it was agreed that the existing 8' of haul road material
would remain in place between the concrete slab and the
processed sandstone. It was also agreed that the remaining
outer surface of the haul road fill, however, will be
spoiled and only the unweathered sandstone remaining will be
used as 24" sandstone.

4. Cleaning of the random fill face was in progress at the time
of the inspection.

1 '31ephenT. Hornbeck James V. Owen
Geologist /Civil Engineer
Geology Section Soils Section

C CF:
CEORH-ED
CEORH-ED-D
CEORH-ED-G
CEORH-ED-GG
CEORH-ED-GM
CEORii-ED-GS

" oEORH-CD

CEORD-ED-G
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CEOhH-CD-I..(1180) 21 April 1988

MEMORANDUM-FOR RECORD

SUBJECT: Trip Report, Yatesville Lake Project, KY,
Contract NO. DACW69-86-C-O039

1. On 15 April 1988, H. P. Oshel visited the subject
Hornbeck, Jerry Phelps and Jim Owen, ED-G were also

present. The purpose of the-visit' was to inspect and
discuss the excavation to rock and to assess the water
problem referred to in my trip report of 13 Apr 88.

2. The contractor had excavated through about 8 feet of
impervious embankment down to foundation rock and removed
the shale seam. The cuts through the impervious were
vertical. The excavation was approximately 15' x 15' or
slightly larger. Water was seeping in through the
sandstone-shale contact along the upstream face of cut,
parallel to the 9 of the dam-and at 2 places along the cut
face running up and downstream. The larger of these seeps
was producing about 1/2tpint of water per minute. The
original stand pipe was about a foot or so from the larger
seep, and set into a shallow depression with rock around
the base of the pipe.

3. At a meeting in the RE's office, it was decided to set
the 8 inch pipe over the larger seep place dental concrete
around the pipe and the shale cut face. ED wants to
isolate the impervious from the seeps. Perhaps the most
critical item is replacing the impervious embankment so
that we have a tight, uniform fill. This was discussed and
decided to cut the impervious section back at no flatter
than 1 on 1. The right side is on rock and the upstream
face is on the transition contact which should not be
disturbed and this cut will be left near vertical and the
material tied into the existing fill.

4. The placement of fill from the upstream haul road to
the sandstone fill was discussed. Some felt that the haul
road material did not classify as rock fill. We will
remove some of the material, place some in the downstream
random section and what is appropriate in the upstream
sandstone fill. '=

5. No safety violations were noted.

PAT OSHEL A%/
Geologist h

CEORH-CD-YBCV/
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CEORH-ED-GS

MEMORANDUMFOR RECORD
Subject: Yatesviklle Lake, Right Abutment Slide

, 27 February '!989

Mr. Owen/5231

1. On 23 February 1989, Messrs. CopherAnd Porter of CEORH-ED-D
and Phelps, Owen, and Hornbek- of CEORH-ED-G, met with Zimmerman,
Mc David and Boster at the site to discuss the above subject.

2. The slide area in question is located on the right abuLtment
upstream from the centerline of the dam. The prima,y and secon-
dary power supply lines for the intake structure presently passes
through the toe of the slide. Based on current field conditions
it would appear that the slide is moving along the top of rock
and if the slide should continue it may block the rock paved gut-
ter on the right abutment. A small slide was noted in this area
during construction of the embankment and the surface of the
slide area was reworked in an attempt to prevent further sliding.
Based on contract drawings , the original alignment for the
power supply lines for the intake structure would have been
through the initial slide area, however, CEORH-CD relocated the
power supply lines upstream of the initial slide area in an ef-
fort to prevent possible damage to the lines. Because of
saturation of the overburden slope on 16 February 1989, the
limits of the original slide area has expanded and the power
supply alignment is now endangered.

3. A review of the site conditions indicated tha.t the best pos-
sible alignment for the electric lines would be as shown on
enclosure 1. This alignment would require the proposed power line
be placed below rock and encased in concrete. Excavation into
overburden may require shoring. Because of this alignment change
at least one new manhole would be required and the power supply
lines will probably have to be spliced.

"civil Engineerc Soils Section

CF
CEORH-OR
CEORH-ED-D
CEORH-ED-G
CEORH-ED-B
CEORH-CD-YBC

(S-If8)
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12-05 EXIBITS

Exhibit Number Title

1 Site and Vicinity Map
1 2 General Site Plan

3 Structures - Sections and Profiles

4 Regional Geology Map - Lithology

5 Regional Geology Map - Structural

6 Generalized Geologic Column

7 Geologic Map of Dam - Upstream of Core
8 Geologic Map of Dam - Downstream of Core

9 Geologic Map and Section - Dam Core
10 Geologic Map of Dam Core - Sta. 1+20 to 3+85
11 Geologic Map of Dam Core - Sta. 3+85 to 7+00
12 Geologic Map of Dam Core - Sta. 7+00 to 10+00

13 Geologic Maps - Miscellaneous

14 Curtain Grouting - General

15 Curtain Grouting - A Line - Sta. 1+20 to 3+85
16 Curtain Grouting - C Line - Sta. 1+20 to 3+85
17 Curtain Grouting - A & C Lines - Sta. 3+85 to 7+00
18 Curtain Grouting - A Line - Sta. 7+00 to io+oo
19 Curtain Grouting - C Line - Sta. 7+00 to 10+00
20 Curtain Grouting - B, D, and E Lines

21 Dewatering System

22 Slurry Cut-off Walls

t
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YATESVILLE RESERVOIR PROJECT
GENERALIZED GEOLOGIC COLUMN
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12-06. GRAPHIC LOGS OF BORINGS

Hole No. Purpose

C-114 Establishing founding elevation for spillway bridge
abutment, foundation #2.

C-115 Establishing founding elevation for spillway bridge
inclined leg foundation #2.

C-116 Establishing founding elevation for spillway bridge
inclined leg foundation #1.[

C-117 Establishing founding elevation for spillway bridge
abutment, foundation #1.

EX-1 Determine the extent, orientation and severity of
broken zones discovered in the dam foundation.

EX-2

EX-3

EX-4

EX-5

EX-6

EX-7

EX-8

EX-9

EX-1O

EX-11

CG-I Determine areas and formations of grout takes, and the
effectiveness of the foundation grout curtain.

CG-2

CG-3

CG-4

CG-5

CG-6

CG-7

... . .. . . .



2-Os RAPHIC-LO-GS OF BORINGS (cant) T .

Locati on Of Exploratory Holes
C-114 thru 6-117

(spillway bridge foundation)
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12-05. GRAMIC LOGS OF BOR1IGS (cont)

Location of Fxploratory Holes
EX-1 thru EX-1i

(broken zones in dam foundation)
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12-06. GRAPHIC LOGS-O_ BORINGS (cant)

- Sections of Exploratory Holes

(broken zones in dawnfoundation)
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- ' 12-06. GRAPHfIC LoGS OF BGRIX-1S (cant)
- - LOCation of Exploratory Holes

CG-1 thru CG-7>3 -(effectiveness of- zrout-curtain)
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30yles 3ros. Drill---& Co. LM r ,Tuvo.e

-115 S1A VIA

Sarsca, 679.3

~"*'.a.. 1I.-..-ts ' st.. .u..~il 25 July 1986 2 uy18

a. tflr,5 C~ ~o € W, '=r. , 9.81('. rnek)u ) agv r uuo 691.755.011-c. 7 to ;"o 1- 9

694.7 J

10 686.2-679.5 SHALE s., br. .e

wuggya@ 685;.8 & 682.8i
"- bk". 685' 6-690.7

hi. aug. fer. stained jts.

e 682.9-681.9 (,N 45- UI) 2@ 680.9-683.4 5 " U) I :

coal @ 683.5 & 679.9I.

clayey @ 675.8-679.7
07oarb. @ 681.1-679.5 I

2 \679_5- 68.7 AL;bLocky ,98 y,4', r, 2.6.AA AJ-L..I...
678., 574.5 SILISTONE, n.h. 3
-S. gr.
carb. @ 678.7-677.5
shaley @ 674.0-674.5 4

673.2 674.5-671.0 SANDSTONE, m.h. , _0 24.8 5.2 5.2 I:
5.-. grained, It. gr.,

- nun. tac. bd. pns. @ 672.1.

671.0-670.9 COAL,shaiev
668.9 30-: 670.9-663.3 SHALE. s.-n.h. 100 29.8 5.0 5.0 0:31

gr. 6

sll~y @ 669.0-668.6

665.3 100 7 33.91 4.1 . 0:50
35": /

- 663.3-657.5 SANDSTONE. n.h
f.-v.f. grained. lt.r.,* 8

-- =n, .bd. pns.

40 u~.b.J 0 5. 5. 10:4

9 90% z

mama 657.5-656.0 SHALE. s., dk.
656.0 65

"  
gr., carb . 100 L.7 5.2 5.2 0:35 42.

cole67.3-657.1 &656.7

656.0-654.8 SHALE. a. ,, i
654.8-651.0 CANDSTOE, 2.6
... , .- ~gadatoalOo 49.8 5.1 5.1 0:35

EMG FORM 18 tg,. s aosiet . us
.An if I-- YatesvIlle LaC-l



racevlse. y. ~ u '~~'~" :DI*tod Core Bit

30Yles Bros. Dr-Illin La.. ear 44 cruck mmoa

Bob Lau-son 1~~s. ~693

TOCSsS 0, WO.s.r 9.5 ot roe-) 9 or-o 10Cc a,.o. 9
S.Cti ontcv,vyo bt 55.0o.TTLCO COCyVI**. 95

(iiiTOT. . (C *0 6 4.8 .
50 -n-U oft.-6513.0-649 4A -- -. r-. 12 Pet Pen Rec Tice -.,h

sit .4fr. sta. 9649.5 i
0

551 7 4.9 14.6 :55 fl
5.

"er. nods.9 646. 1-645.3
& 643.4-640.6 1

60 00 59.4. 4.7 4. 10

3 65 BOTTOM 3'~b~00 1_ 6 64.8 15.4 5.4 3:00

ENG FORM 3836 *t~~ ~TOSASO$LIO. 
i cn
11 1 (, II



-3

D LING LOG ris'c'rLCrO% DIS.Icr -CC'

L .. io"T. . As v u PC , r 4" D1. :o=od Core Bie
IYa.-svlle LUse. Ky. ase IX ,.. 11. . - ,

| ~Spllvay Sea. 15+t55.7'  , .G A.,, :,os *,o ,- w,.
c~J,= €c' Locagyear 446 Truck" Y.nted

Bayles Bros. Drillig Co.
A. SitM S C N/A ~.0SU

C-116 1. TOTAI. ZO ".9 13 A

* Bob Lawson ,. rs.ieaTo,, iOui.iS 679.3"

~~S~k,.i....1 es..c '.Nn ~ 30Jly 39861 31 July 3986

LY-KiCtOM SC .... 9. 9.5' (poor in: flivu~a~n01 692.3'

051.2' .!MA tCOCCOiniiSO t c 89

.L " -sn. Mc t 60.7 ~ P/Y 7 'PrT -7

CSCAI.-Ii Me, Ite~o ..... pi. I Su1 .IiSc"Cj*- hy. j ... enh

NOT SAMPLED

68.0 oept Pen ee ITle
10 68-675. _JSHALE. s.b- Ae IeT~ t

gr., yd. . -

S vuggy @ 682.5 1
broken @ 683.4-682.8

679.7-675.4
67;. - clayey @ 679.7-679.5 84 1.5 5.0I 4.2 100

15-=
2 ; 70

0;...7%- L4,-.._2_ _:o
20L 67.3-675. COAL, bk., bloc y

67 .1-672.9 SILTSTO7E. s.,
-gr., ic.. plant fos. w/ 3
oce. pyr.
stained bd. pn. @ 675.0

671.1 hi. ang. jt. NOE @ 673.9- 8. 2. _.

25.Z 672.5

67 -.SHALE. i..* gr. 4
669.8-666.3 SANDSTONE. ..,.

1t.gr., medium grained, atc
-ic. bd. pns. @ bottom

666.7 300 29.5 5.0 5.0 :35

-666.3-666.1 COAL. bk.. shal 5 Z
6.1-659.7 SHALE. s7; 9r.,

663.2 fer. nod. @ 662.7 100

clayey @ 661.0 00 33_ 4.1 6.1 _ 30 Z

6

660.0 97 7 37.3 3.7 .3.6 3:00

- 659.7-656.8 SILTSTONE, m.h.
it. gr.. si.. occ. sandetonO4

-  
tenses

- 656.8-654.0 SHALE. s.-m.b.,

655.7 gr.-br., scat. for fle . 100 42.31 5.0 5.0 :45
trace fo., --

- -tind- 8 6(56.2-655.6 9 i

64.0-653.8 COAL. thal
45-: 3.-653.3 SHALE. a.,* carg

n. .ocC.
- ~ 3.3-.3 COA, k.oc

653.0-647.7 SHALE. s., dk.
3 - gr.-b.. 

78 1 t

carb. 9 653.0-652.8 - ,

EG FORM 1836 ........................... y0 . Le -i,1



- Io". H.. C-116

DRILLqG LOG ! i8 o% Dis cr 2.............-I . ,'l 'O$DISTRIr10,r 2sxtc€l

t. lO]tT t. OTO vvo l ,1 obit 4" DIaond Bic
Ya:esvifl.. D L , Ky.. hase 1i .. STtV .. ooo

SiyPSAM .1.557 @ UUATO 7 OO*1 ""u
SoylesBros. Dri coLoagyear 44 Truck Mounted
oyles Bros. Dr lin TOTAL T OO O .

-C-116I

Bob Lau-so.; VCLEVAT.O.OQVOWAT 679.3
-. o ¢tos or -. I.. IC-o CYCO

D ],O*5 ,€-i !, , ..... 0. .... o.5T(0 . OCo o.E '30 July 1986 31 July 1986

17. CLCIVATION TOP OFlOL 692.3'oImCssOotC 9.5' ( noor rock) TOTAL C f- a -, 89
S..0OT1. CAILccy tNTo *0 51.2' 8
el. .1TLC 60.7' S A0- lW

,. orcu .cer.. A? on.. 60.7-9 ?0 4-.J, t

6-7-ZSHALE (cont.)

647.7-639.7 SANDSTONE, .. h., i
I- .gr., n.-f. grained..

vuggy @ 641.0 12
- hi. ang. fer. stained Jr.

.3.3 N 45" W @ 641.0-640.0 100 ... - L .:30_
fee. nod. @ 641.4 - -

13

100 - 60.7 4.; 4.1 :45!
E0BOTTOM OF RIOLE?"

7:
- I-

ENG FORM 18 36oO,.o so... 11 -- v t",. 11L T V , k, PhI 7 T 7 -111



N-L- 17

Longycor 44 Trc Houn:cd

00*v- ingUC Con0 *000 1, tTL. ..' - !004 ...40 0 8

1 ... 0A Oft- 84lf~..4,1.tlO

Bo.b67. LHALE. 671.3r.

Z3--- . 679.3-7 . ...S. 196s1..,t18

Sr. ~ ~ ~ ' TOi *w.,bn

ti.067. SHALE s., dk CI. $0-__8
14 ~ crb *CI wd.IC 1- OCn. 3,:7

67.-6. TOT-TNE s.- Of2LC 4.

n 'o. tC~v, vc1-1%god

669.-668.3 S.HALE, S r.,
ci. 5 8 . 6 8 53

678.4-664.0 SAITSTONE, un

STcl paring a botn.-

675.0-64. COL 14.3 4.s5L4 _4_
1 \6.0-658. SHALE. s., 11g.S

30r

674.1-662.5 SILTSTONE, n h. 6

20 frgr i jt. n673.4

669.d-668. SHL.-n ., Sth., . .2 1 .3
-b.) 't 64. -652.2

66.4-651.4 SHALDTE, . . 99 -- 3..19 48 5

40 664.2-6640 COAL. bk.. shat

660-648.3 SHALE. S., .--I 001105 4.' H30

6640. sOR 183 oneVtenses @ 660.80& 04105 A -'00,0A_

1 6e 

658.8~lc 

3~



_!OII I I I S .. _ f I I I*IG I I lAi

DRIILLING LW Ohio River Division 11untington-Dis:rict - "

€ | ,,oJ!CT *S .. . ZZ*OTY'Co'*I 4" dl>.- ond core .... ........
Yesville Lak- Paie'll . . . .;r

o ........ (........ f.. TE'aevleLk.Pae1 . OaU.jo .........o...... .

Stz. 5+53.4. at canter line 1 11-"TURWeSo GNATIO Or ..LL

Boyles Bros. Drilling CO. truck n-o.rd f..:o,,v'rso

. .e or O s IL .- . I TOTAL N WNneR CORe W YZS

"oy iliendorf__ - ss CI -T.OnOOtTTR 522.4
s. oIrnesTon Or stout -jt• ious

IPVTo~ -1- ... n -1 nec mo.4in 9-24-87 9-24-87

,. TOcgnEssoro, -t*ooem 2.0 rock not sampled 11.eVAIToporOO. 525.2 -

|.On, a nonn~ ee 454 111 TOTAL C* R COVZRTY Co 1OnI 00: .4------- vc'm ; s.1
*TOTALOCOtOTOLC /.

"CLAVIfiCATION Of MATERIAL- Is... 500 -

tnC~nn (O..U4.AIA RCco. I**.0 Oc.as...c .. .I~

-Roller bit vas used-= Rock not'sampled -Rle l 'sue
R• from top of rock to 2',

523.2 2 -
Saqdstone: moderately hat

2. light gray, tedium grainec
- occ. nic. , 0cC. X-bd.

micaceousbedding plane

3 -

Box

4 Ru01~
broken plane Tape depth .... 7.4

Sok plnun length .... 7.4
broken zone (mod. bkn.) Recovered ..... 7.4

Loss .......... 0.0

0 5 -Z 5 broken zone (mod. hkn.) - water return: It. gr.
100%

6

Box

7

5.__ Bocto of Hole 00%

Pressure Test Data
521.2 - 517.8: 0.27 c m

- gauge pressure at
surface 5 psi

r , FO R M 18s3 6 .. IOU TIO S Ah sC SO . .x -
MAR71 5wLC Yatesville Lake, Phane 11 l-



Hol Fe. EX-2

- isrALU.TOn $

RILLIG LOG Ohio River Diislon Huntington District - o' 2 S." T Cs

psoacr nI1 sIoC ANo e ef Sr 4" diamond core

Yatesv1li Lake. Phase 1i"O xo.IT.-d(z. ~tA o.{c, +. o r,+ +* " TBH
,, .a. 5+4.9. 42.: upstream of centerline Mi uOncuonMO .- en oeILo

. ljno Ao.co truck =ounted Longyear 44
Royles Bros. Drilling Go. TOA "' OF I. i1Jvu. Uo

. . . . ......... ........ NX- .A N

-.$000 on enRts.On In. TObAL UnSOS CORE NOXt$- 3
Cody Niendorf IL. ELIATICO GOUND0 WATCR 522.3

.1~n~ leo IG.OF It L..

enC3,-- e.0 . .. no..n. . 087 n 9-4i 9-24-87
mC.eNEss or ovcneunoem 2.0 rock not I T TeL G TOPnOfA on04C c 525.1I

.... ~ ~ I iTOTAL. Co< AC¢OVERY Fore *Oflt I0 "
8 CIT. CRILLCI INTO RlOCK 9.9

9TOTAL OCPO HOCn 11.9
C1AON0U*52IOICnOF A*TtAIAL$ SC0 C.A.K11

nonno A e s O t. .. .. n.. ... ........ .. ..... i=.. .nClCA.fl so Oneov . ..n.Oo,# ,l. --.,n... .ijnl .,'2. !Q 
,

+ . ... Z ,*-

Roller bit was used

Rock not sampled from the cop of rock
to 2.0' depth.

Sandstone. oderately iard.
light- gray, medium grained,
occ. micaceous, occ. cross
hdded.

3

52.LJI.-. bedding pluld, bk. costed

4 BoX

Run #1

Tape depth.. .6.9
7 Run length.. .4.9

Recovered .... 4.9

Loss .........0.0

water return was It.

gray 1 100%

6

Box
#2

m sech. broken lO -

517.2 . micaceous bedding plane
8

9

s- micaceous bedding plane Roe

u .,1 10 - 03

ENG FORM 1836 ... vinos cwouIosN Ant ssoutnot JOsL no
mA71 Yatesville Lake, Phane Ii EX-2



DRILLING LOG I Ohio River Diversion - Hunrirxt~ n Distrc . ... 2 2 tes

2 ", oJ"0, SIZE AND TYPE Or IT 4:dasond core
Yaresvill Lake. Phase ii 1 .ATI. FN 1LOVAIION S$ .. (ON -1)

sta. 5+44.9i 42.4' upstream of centerline IZ. AA O50 .O Tn.5IO. Or O."
OSILINOACCY truck counted Longyear 44

Boyles Bros. Drilling Co. . . TOTAL No OO, Vo.
*ToLT.TA*hO..O10*SIO SAT(N'C II, s N'A N

*,, " EX-2 ' 3' /A M~ O Ou~n .. TOTAL NMV OURE OSt 3
Cody Niendorf i. ELEV*TIOONou0NO WATR 522.3

~. ~noo~s o st 525.1
TIcNNM sof OveRUDoN 2.0 rock not sampled o

. CIII" 0RK ... TOTAL cORE RCCOVCTY F0 Von1 I* OCe0 TILOCI eINTO 0050 9.9 I$1AURO NS;CR

9. TOTAL O0 -or ToLc .
ELE, VATrION OCT00 SneOelo cLOIFICOI OF oOTFL S~ov 00A0 80000 ( OCO*ROSetn,

I A 11C.4..oA) CO TA ,coIg EDR OT

554 lO0 16 1 ________
sandstone ; (cost) 

R n $

I-pe depth... 
: '
.9

Run length... .5.3

514-9 broken bedding plane Box Recovered ..... 5.0

6--.,broken beddisg plone 13 Ls .... 0.0

1 rrcssre Tet ita

1-ZInterval flow
I-/t 518.2 - IlI " . 0 ,

- 520 - 513.2 0.0

g~auge pressure at 7
surface was 5 psi

ENG0FORM18t36 P010 0005Al0558.ARI I
,TCr, C*T'I YAte~vll~e Lake. Phose 11 FX-2



Y..slet~e 6iS. 5+16.7. aLO.Y eos =c cf c=.t- ~
3o 1es 3-cs. VilhI . Co.

Cody Xtosdorf 5..--, 23.5

2.0
T= otc .Z ,z e

Rock ot led te t

I

Fz
525, 2' 7b--

i3

S. 4..... Sa-ostc=: eodIely h .

ocdlo gray Me.h gate5o .r2l, 2COy. jce. oei
52.2 ace. cross 6bdded.

b roken Zone ( lightly W"n.
3 vrrth IOZ surface area c~v Z-~

w.lth a- Iblark rt~,llos)

30?Ts~ d re -ertd Elh .... 7.3
Sm length .... 5.3
Recoered ..... 5.3
loss .......... 0.0

3 - 'ater return: 1:.

5 I002

6

520.5 3002 __C sech broken Box

8--

9-

517.8 110
E FORM1836 ...e.v.. 

1
eoteo-

1,aoncnr, Yaesville Lakce, Phase 11 EX-3



~ cs~c, ose 12.3

.... 12.3
sox Recvered ..... 5.0-i#3 Ls . ..... .J .. - 'ter rors:c It. gra

515.6 gw 1ote o~sl o002

523.85 515.6:- 0.01

Sause pressurc at surf ~
's Spst

111-FORM 1836 Inolt~~~A ".mcr Ot
(T- wYl tew.ille i,kr. Phi,,cI f-



'~.~O ~ ~ mc~ 4, eCiwm core
1yaes ile '-ak. 2-12se 11sta t=of ce=&tril I

Track ==-a Loonyear~

.. .fl. I s - os-501.05 -  b- c- .o' ,A I:' EA-

_2-~1-zs --llx Co.ros a on 5

CodsEfednrf - ~522.5
XC 1___ 9-25-37 9-58

" . 7. s Ar. Tc o*, ,, 526.2

- 7Roller bit va~s used 7-
Pock o ssol fr the top of 526.2

- cc l.r IocS. 555..-01d *o 5505h

Ssids-one: moerately hard. "... Z2citc ga.ced. l.gh1 gray t,

t , ._ " greenish gray. oc b. v/cjcoRn
o- l. cross bedded.

523.0 - broken bedding plane

|Z

Tape depth .... 6.8'

Run Iegth ..... 4.81: o tBox Recoery ...... .8'

di i l Loss .......... 0.0

reater re Itrry.. gray

~@ 1002

2.0 bIcacus bedding plane

6-

519.6

-1_. 3 .7Y Sandstone: moderately hard IOOZ_ Bottom of run 11

7 to sofedium grained. - "
bronish gray, poorly cement d.

-broken (poss. eh, moR. bk.4

Box
8F " Sandstone: moderately hard,

ditaned. light gray t

17.9 [ " greenish gray, oce. micaceou

occ. cross bedded.

517.600%

517._._ 6:broken zone (0.3' mech. spin

loss. mod bkn.)
9..- imicaceos bedding plane

ENFORM1836 rOUs a , Yatesvlle l e Phase Id. EX-

( brken(pos. ech, nd. k .



I I I Ict I 2 zeI~

TssileLas Pae21I-- *- - -~s -._we I' C C w- iu=- or

Szi. 5+95.2 1.31 e oeer If--

3or -l a3 .t Co. 4 ( Ock-=:=edC . ra s .

- sa s a 5*s5*. WI*C 5hZCedy Si.eccrL. is. Ctwn..* G.:5*0T .* 522.6

,,,..c -- e,.,.-. *.c-..,,l .
~?.t..~_____ ns~n-.c. ''Ot 19-25-57 9-25-87

,. 1,o, 2.0 rock t S d 26.2

.OC*0 40LW IO*0410.1

_________: (comt)

Stun 12
Tape"depth .... 12.1
Rnn length ..... 5.3

broken zone (0.2' loss) Recovered ...... 4.
8

.. _ LOS ........... 0.-5 .

13 - Occ. drill chatter
during run 12

I - lost IOOZ of return
12..:1 __..jtopI Hole .91 .ater at approx. 12'

t 13

pressure Test Data
522.2 - 5 4.1: 2.4cf:
519.2 - 534.3: 2.1 cf

- gauge pressure at surt

5 psi

C7

ENG FORM ....Of .t no~oYtS11LkP~ I1-

.A~ 86ot~t oos t oee 1 tsvleLkPaie 1 E



I I l III II I I I I I

aelle Lake . ... e rl, -

~ ±ii~ o.truck Co oced to,=egar 4

301les~ Sires. Drlin o
0 .0~* .. 0,*€....., r.t . 5.5re.L5 tCO I 7 5 S,2M-

Ro. bt coAt use 1

ctCV fl C-rn 522.7t ,. 0
Cod Xlas ste-,. .o...if

n, ~ ole bitVA TOP or ed6.

! 1 Rock no2 .0 ld f"oo cop of rock o
524.5 19. 7

2.0' depth.

Sandstone: =oderately hard.

edi-.s grained, light gray
to greenish gray. oec.
oicaceous, oce. cross bedd d

3
Run #I
Tape depth...7.1

SRun length ... 5.1I

Recovered .... 5.I
Loss ......... 0.0

4 Box
oi water return was light

gray at 100Z

Pressure Test Data
5 -Interval flow

(e1) (cf.)

522.5 - 506.8 2.2
519.5 - 506.8 2.3
514.5 - 506.8 2.2
509.5 - 506.8 0.1

6--=
gauge pressure at
surface -as 5 psi

7

100% _________

(solid)

02

516.5 ILO
ENG FORM 18 36 ctsIomToNS -At 04Oel T PO[' 4,£O
.AR"71 Yatesville Lake, Phase X-



* |_ nn pI!onc 1
?n/lI. uninG nnnnu in n i l •i

ORILLOIGLOG r aRsrDrse mtO~o itit Is

..a. 6.07.9 at ce ,rie . T- .

Rtc =ued ..e..ar4ft-e 3-c. ?51A4.c Co. 5*.55l0 SSX
5- . - RIA I A

Cady Niezdorf ,s. CLtS*1SO .. ra I

51,. 5795....0. . . . ... . ..

2. 0ot mn oit3.;rC--7

cc- Oi Lco -loma. 17,7 50. S~fAS 002(051 *45*m 99

Snco'. c 19.7

511.5 I __-adbro e : can t)un1

11 micaceous bedding planes
Run #2

Box Tape depth ... 12.5

13 Run length .... 5.4

bedig laeRecovered ..... 5.3

broken zone (lightly broken Loss . 0.1

e with 0.1 loss) Re.sered.t3
Water return: light

9% gray @ 100%

513a7 bedding plane

$13.2 low angle joint

512hr 14_ broken plane

Box
'4

511roend i plane Run 13
bin eTape depth... 17.9

bedding plane Run length .... 5.4Recovered..... .8

S10.4 16 
Loss .... 0.1

7-- bedding planedrlchte@1'

S mch.e, broken w/ 0.1 loss depth and eec. through

Inuom. micaccous bedding plan sotrn

5 0906 water return @ 100%
17 Conglomerate: moderately

hard, brown siltston- rock
fragments with gray mediunC grained sand matrix. 0cc.
coal stringers.

Coal: moderately beird. Rus 14
black, blocky, brokes Tape depth... .19.7

Run length .. .. .8
507.6 ~Recovered..1.8

1 Shl:stlight brown, Loss .... 0.0
clayey, breken.

100% water return

506.8 Bottom of Hole 100% occ. black water returf

ENG FORM 1836 ... w, MYjs s.K nss o0Lel
SAP71 Yatesville Lake. Phase II tX-5



ratesvirne LAke. Phs U 1 - -. *.

~~~~~~~.~~_ rc T..cd ese sno , 10 ok ntee i e o m e 1nC

im. TOT COAC C*T 6

1rock n ot idRolr i .a u

7- fron top of rock to
11 depth.

S .. andstone: cxndeately hard.
ondium grained. lighr 6raY
to greenish gray, occ.
micaccous, occ. cross bedde

bedding plane. Iron stained

Ibroken zone (zoderately
520.9 broken with carb. coating)

535.9Ru 11% :
3TApe depth... .6.5

-- bedding planes water return was It. gr;

6

(solid) Box

Run #2
7Tape depth... .9.7
7 ~Rur length... .5.3

Recovered... .5.3(Loss....0.0
w.ater return. It. gray,

513,7 300%

313.4 10 ____

RHO FORMA 1836 ... vous COImoss -At ofmle~ ~ .[% F WNO
MAR71 5-~cN Y.~tesville Lake, Phase I3 tX-6



Soy~s Brs. Dillig Co trnk counted Longyear 4'.

30~e Bros. b' Co.

W.Re=Acered . 5.4

C*1c *L an11Leph

1 5 rocko bedd.g.piano.CLVT To I - 2.
brWe plane CoexI'. v ~ l 9

Ceglnrae nod. h., br.c 0
sitto0 c k (ag..r r.

Sands-tone: (n . o

C boal: znedh. (mdrt.el~y los

12= _ spinloatns Rn D
Shle a.dk . .Tape depth . .?.

511.6 - rke pln u egh....Lv tL d h. ~ . 5.
Shle sft Sgh gaytRecovered..5.5

13 - broe water 0.ss lotccs

Silt1one sont to dedprht 7y
hatd, seight gray thinA

mintcobs ofdin s land o

509,5.i broke pla nst ne 0

Coaglomerate mod.. h.,e 11. Z



DRILLING LOG Ohiover Divjs,on &Hntlnron District 0 3 s,,.1

Ystesville Lake. Phase 11 . .. rAmU

t..... SO~l OF.., -I-Z

I. ©a~t.00 ".00"0T truck mountedi Longrear 41.
Se. e,1Bos...rO. O

+ 
Co. L 01 - O. .ST0. .. eI

- 1 ! _.-6 . NIA N/A

faody Slendori ~522.5
,OaeeC b OP L flOIt*0501 ICO-Lo Cl

I .CRT,€*L. ~ ~ ~ ~ 1',€,,€ __ , .e. e.. .OT O.: • -26-87 "9-2- €87
IT CLeAIOW TOI O

r 

4011[ 0 523.4

1. TeiC..CSS OF vsOn 1.0 rock no. sa'n led ft, TO.010 COP COt. F0OR 2.1.4 9

SOC" PeI 0E*II00 rITO t000 19.7 .'. -]~ _'A C 01 ...$"'I -T ...
9. 1OA4l [ETm O LCM 20.7 T OFMT A

03. ,20b e , • ,

-otto= of hole

21

Pressure Test Data
interval flow
(el)- (el=)"

520.4 - 502.7 1.51
515.4 - 502.7 1.91 -

22 510.4 - 502.7 1.95

505.4 - 502.7 0.0 -

gauge pressure at

surface was 5 psi

23

INT FORM YPsedr ,eS AE Ph0.0.ee e-



I1MoI.t . EX-I

- **SO ,ffIlNtAfATON SONS?

DRILLING LOG IOhio River Division qusttgto Distric lo 3 ......

,. OJCT " size o,. T o, - 4" dia=o-d core

Yacesville Lake. Phase 11 _ .. o A=on'n TI..o .. ra, .

sta. 5+76.3. 44' do nstreaA of centerline ,.,. c Tc St ATOn en.
-t  

i
L o*,u., Aq; CV " itruck .outcd W~ngyear .44n

Royles Bros. Drilling Co. !-O A o C en o

- X-7 1 . TOTAL .. *C cotO ".1$ 6 NM
..... .... .... ...... .. o......o .. ... con sxzs 6 /

Cody %Iendorf I ,AIs. t . OVy . D -OC" 522.5

S. ne-lO 0-- HOeIt-o *o-.ce

' . C vA, T 010 Or o C 525;8
7TIANnSSOrOVrstJ*0CO 2.1 rock not sazple TOL .e....ccoc-.S... G 95

$, Oe DRILL= I yOCo 19.6. or o

.. TOTALOCT.OV.OLC 21.7 , 7 "' /

CUCY~flOM L C LANS-VCATIOM Of MI?5IL MXV 1,10Lo O(A

5 7 5 AV O I . . . . . ..

7-
roller bit was used

Rock not sopled from top of rock to
2.1' depth.

I "
-'Sandstone: coderately hardl

I - !iztdiungraincd. light gray

23 ._ to gree,-ttsh gray. occ.
I: nica, ,ss.[ uc, . cross bed1

3-' 11I ddIng plane

poorly coe arned and vuggy R n #

sandstone wit!, 0.1' loss
due co nechioncol treakage Box Ia-depth...6.8
l I Ru~n legth ... 4.7

L-.x-on stained bedding plane Recovered .... 4.6
Loss ....... .0.1 7

" 100% water ls 6.7'-

4._I water n-epage at sur,

6 7

" 8 = I broken plane

., A - eddin plane, xon stainu #22

broken, scat ,k. coating, Run length .... 5.5
with 0.3' loss) Recovered ..... 5,2

51 .
loss ....... .. Q.3

515.9 broken plane

ENG FORM 1836 ,cN ,,,oso,s AtOAsoOce Yatesvi I Sake, Phase TI T EX-7
u p hns-NO

- - . _- .: . _ _ ". .2 . . . . . .. . . .



SDRILLIHG LOG Ohio River Division Huntington District of 3 csets

" l OfCT s0. SZe As00 TY' OF SiT 4 dia=ond core
a esv tlle Lake Phase II .1. OATo. *on 0t000T10555$5O..t.$L,

-.. -OA,5 .,.,n TIN
sta.,5+76;3, 44' downstream of centerline - ..Ac". rSo. i .1 1

Co. truck mounted Longyear 44Boyles Bros. Drilling Co.OSO 0.(~sn.- OSid!TOTAL 50O0 OTO. OsTano ,susc........ ..................... .... .......
ee, - 0005 SMTLS ~ N/A NIA• .. m, -.* ! EX-7

. T, TOTAL NVUooe ICO*Xs 6-

,Cod, Niendor in. eLmATIO9 GAOUD wATeR 522.5

.,5TOL O -OLISS ,s. O5011,o .g I 9-28-87 ; 9-28-87
67. ZLEVAIo. TOP. 011 IoLC 52.5.8

T. TO*c-nSS o 00ve--ot- 2.1 rock not sapleI o

9. TOTAL OCPTs o -LC 21.7 - Ai7s, 77 7
L,9tvAT, OC-1 Lt.9.5 CLASSIrIAtI- OF 5*ttIMLtS Ot sot osA.,.,.-i...-,o..oi ..................... ,o. i o... ...

~ ~~~~~~1- __ Fr.____________
515.0 10, _

- Sandstone: (cont)
odding piane w/ bk. coatie

515.1 micaceous bedding plane

. 4 lo w angle joint Bo

lo angle joint

513.5 nei. broken 94Z

Run #3
T Tape depth. ..17.5
Run length .... 5.2

bedding 
Recovered ..... 5.2-.56_ bdiglaeLoss .......... 0.0

Box
#4

"5 . ____ broken plane

i broken zone (lightly to50od. bkn. w/ carb. bd. pn.

.509-A- carbonaceous bedding plane

5 ConglomerAto: mod. h., br

Ssiltstone rock trag., gr.
n0J od. sa. matrix, nrc. coal
stringers, mod. bkn. 0.3 1 s

ed. g. sandstone: 508.3
to 508.1

506.8 I" Box Run # .
Coal: mod. h., bk., shaley #S Tape depth ... 21.7

19- at top, bkn. at top w/ Run length .... 4.9
0.1' loss Rccoveted ..... 3.5

Shale: soft. light brown, Loss .......... 1.4

clo-yey w/ ocr. clay seams,j severely broken w/ 1.0'

505.8 lo20 loss.
ENG FORM 18 6 P os'ttON s AI C OeSOL.ETt -0,¢Tc -io. o

AR71 Yateville lake, Phase II EX-7
. ,roaist TceaT)



Hot. No. EX-7
DR.ILIGO aISrut t*TON 00*0 3

-DRILLING LOG Ohio River Division - -untington District o' 3 s0s0*s
I. 00000J00 50t. $1lO AMP Tyfl Or MIT 4'f.dlaaond cor'e

Yitesville Lake. 'Phase 11 I. o*100 0t 00'I*0o. (ro. O$)
5; .00*7,00 c0.M.,0... 0 0I.IIO TB!

sta.,5+76.3. 44' dwonstreo= of centerline . M S O

oRIUI... 0.00 truck nounted Lonyear ii
polteT-Eros Drlling Co. so.,b~~MOL0*O~U. -?.. Obs. -% 4 **i 511000 AAOt. .11.S 1OO VA...sum~
*00* ra.005.O . ; -7 - 000 N N "
.st or Ol~p 14. TOTAL UHufr* CORE OXS 6-
Codv Mendor f .1 IE- O- .0 0*T 522.5

M. ELEVATION, TOPO,_OLE 525.8
toIC-Os, 0a,0000 2.1 rock, not simnjio * ,.OroA C-n CC. -oo -010
* *OSIULOI 0*0 000 19.6 MO. 1 INAT00000 Ns tc0-

1, 0OAL .....01. OLE 21.7 - ..... .......

20, 1 . t

22

Pf-essure Test Vata
interval flow
(hM) (, (fe)

521.7 - 504.1 1.74

23 -- 518.7 - 504.1 2.0
513.7 - 504.1 2.3
508.7 - 504.1 1.75

22

gag ressure e t sur. r

ENG FORM 18 36 E. ~~ O111ON$ A.E QBSO~tTE RIC OC

N

.A 1 Yatesv lle uake, Phae su t -f7 .



mSTM.I nO 940. r

DRILLING LO G ZO o River Divsion Hun0igton Disrict - , .
u+ p~oto. 90, a s ee 0 B o IT 4' diamond core

_yesvillLake. Phase If .

Sa. 5+94.2, 1.31 upstream of centerline Fzn* .unUn1orSOEs.s* 1,OnOOou.
OILLOAtOAGCE - truck mounted Longyear hi
Boyles Bros.-Drilling Co. Is O-. 01 -t.. I- n , ...... .

I Aft -- 111! EX-8 ... nEt.AOOLCYTAKEN I NIA %NM

.A ..CO 0 L -- . tOTAL n...CR COME O.ES 6

Cody Niendorf ,s. Ev IroN Coouon wATC 522.5
S +.,+. O ,CE ,.,TOT__ oO++.,OoE 901. 0.0 TIOLE I 9-28-87

o. oTICTNE$$OOV*U*OTn 2.0 rock not sample- ,LCvATION.oo.O e 526.A
V I0 i OTCL CORE TEOC Y 2O0 T0RuN 00

* eeo nu~n aanco200Is1 SIC99TREO999 F1 NSP0CYT

*. .5TO C.I. 01 .LE 22.0 7;n-/ 7
CI.. T..0.1... .. CO... s.. ON. . .. S....

ECVII0 790T ...C.9,a E9C, I9 .t*.CC..RI

Roller bit was used
Rock not sampled from top of rock to

2' depth.

524.1 2 .-. .-

Sandstone: noderately hard
Sedium grained, light gray

to greeninsh gray, occ.

micaceous. occ. cross bedd d"

523.1 3 bedding planes

t " Box =

4

..I.... bedding plane Run 0l
Tape depth ... 7.l

sRu length.. .5.1

Recovezy ..... 5.1

5 Loss ......... 0.0

6-

519.. bedding plane

7-=. too-

9os

8-
"--#2

517v3 broken plane

9:

516.2 broken plane

.A F, Yasville Lake, Phase II EX-8

IMAR7 W7T



DRILLING LOG 
S fel.He 2X-Oh~ RierDivnlo Bnti,, ton Dlstrlcr or 3 nyc:Yatesville Lake, phase 11 Me - dnc cr

I tjtztn cor

+4.2 1.3' u strea=of Centerline , i

Be~~ap deph. Mi.Dilig.4.

Boo lvnth.. .5-
Box8 *4 Aor . II/A

Coy$edrfv"cl ss 6 0.

C3r1keA D, vc o'd tote
r ock tCc bk.p ced

B oo"T f B ooT l c n g t h ..4 .

94Bcovre .5 0

552broken Plones Runht~ hrke2

brokenap wepth anle2,4c

broke lelane":5

broken n e (ightly brokeLos. .... .

Brok noeL (odr to S 00
13 broken, ponQ . coaed,)

Micacc is.beddbeddplanelaneni#3

with anedo pladeras)

ronens zo ne d ev orel

16~ broken Plane

black,- looktOhle

50.4 bro0n Shaeechnial

Yhard _ Lk. hoe I



=Lt-*-'r It!_ivr_
Y:es~Ille Late. Ptzze 11

.- 'd -r .

tC. I zrf0t of~ cv I.tt s-t

2.0 r~ oo saled,

Lo0.00.

j i Shalte: soft lgt 5'odrs3.

504.6eze clvayey layoers

Tape&7: -- 22.0

21- mc.brI=zc arto Te st .... ts.

-
#6 # . 0 .. . .. .5 0 .0 2.

5a9. - 50. 1. 100
I ~ - 3.s re Tstr Datath

519,0e - 5. 2.1I1. -54. .I. 0. .
gag ________tEh



raei-1wic Lite .a. . .. It

Sta. 5146-6. 36-7, cpsz-eaz a, ente-5 2

M 1s 3le. r-l fro Co.roct go

:~

Codyt .e 522,3y ~r

Sc. eo..0 r oc na. s s , 5

fenc.e~enee~e 22.0 -X.z .'

2ap deph ... .

L 'a re 
rS , 

l h .... of.rockt 
.

=tLos ..... .... 0t0

- tooler betnrh Cry oced

alac on sazl fre. cros be oc C

BO Tp deth ... .

Rua" legt .e..in p.ane

i -: ___ _ _ __ _ _ _

Sandstone; .e....l ba.d

5~~e retrn graysbgay e

41Ru 100

-- ~bedding plane 02bedding plane ep-." 8

-J 71

512.7 ~ bedding plane 10

bedding plane~Box
12

(518.9
broken zone (moderately
broken pWth 0.4 loss @ bot518.2

517.8 7 bedding plane

S112.1 9 bedding plane

___ __bedding plane
nicaceous bedding plane

ENG FORM 1836 *,(VwO ,O ssoi tt'p I

1)". M0 I



VMLWA G ~ Oblo Ifter Division I Rotztv= District lo, 3 secTs

YAC"Wille Lak.e. r~k.ase 11, "";' "

Sa +6.6. 35"1.7' -sro feoe ,.eso o~aco.

" rck -ooted lon--ea" C 4

g., . .. ! -ts"n=o-te 522.3

I. .c ~oa n0, ow ,.c~ 526.A

. c2.0 rock not deh. 1tit o~sameeset20.0 -1. MMtA CC *Cba ~
t al tiCt- 01 cO9 22.0 _________________

o 0.- Conr.-. .S
L -VAIO'e C -Cc- I.. .. --. r

I_ Lo*. ss .. t......0..
aerrteter (cont) - Ro2

.~ ~ ~ ~~~o br#2zn seeeybn

Tape depth... 11.9
Run length... 5.1

itRecovered .... 4.7
Loss ......... .

Box
' r return: It. gray

4b. crcked a 3 t er loss @10'

12

broken zone (senerely b .

poorly c Jo. partly coated Run 03black. oc. g. oTape depth... 16.5Run length... e.6

Loss ..... 1.0

11.7 bedding plane Sox

154

511.0 , broken zone (mod. broket)

.27.8 broken plane

51.5broken plane (angled)

16--8:-

high angled joint (509.9

508nicoceous bedding plane

508.5 bedding plane
18-

carbotaccous bedding plone Box
is

507.8 broken plane

M micaceous bedding plate

57.4 19 Conglomerate: nod. h.,.orI" LS ira s.. * ed. . ta. St ¢

Coal: nod. h., bk.. blocky,
506.9 sev. bkn. w/ o.S lots

2- Shale: s.. It. br., cl. se,,

post. los

ENG FORM 1836 -,CvousCm1,-3-9o0so.LOIa I o O
.. R 71 Ytesvlle Lake, Phase Ill LX-9



ORILUNG LOG

Yatesdlle Lake, Phase TV -C diamo n

6.6 36.7'_us.rea. of center line
sIts Bros. Drill n Co. -truck monted Lo. vear 44

&. 
Ma 

~~t. TOTAL -Vfs CO~ 0*C . 6Cody .iendorf ot . Gs05€,,.nxs 2
tO , - 52.

f- "5o C*ILtu M-o Roes 20.0 506 I0T. C d -0C5.6*v 145 9jt.. S.55TU 0,ft of* C eCLEVAYSoS C0T
1

gts .ASCC Mo ' AT(LUS c*so
5O6 4 20 -v .ftc t'tL. n.it.

a 5 broken, clayey seaos at. j-J 506.2. 506.0. 505.6 Run 04Tape Depth... 22.021 
Run length... 5.62ox Recovered 

5.1

r16 Loss.. . ..... 0.5i _Sandsiune: moderately bar(

-- df8n grained, It. gray,
gradational v/ fine @ top

122 Iott u of Hole 91Z

Pressure Tenst Data
23 -- interval flow(el.) (of s)

-,522.4 - 50.4.4 2.4,[ .. 519.4 - 504.0 2.5

514.4 - 504.4 2.2

509 o.4 - 504.4 2.1

gauge pressure I surfa
was 5 psi

ENG FORM 1836 n 9S u011IONI ARC OnSOnItC
.YAcsville Lake, 7h1se II EX-9

________________________________________



14.!. He. EX-lO
k DRILLING LOG O e $ r.t.t..

,. ~ ~ ~ ~ ~ z - 0 : .sits T V 1 ' of "4 law nod coreY a t e s v i 1 e L a k e , P h a s e I t , I.. . , --V A , O 7 ZR. , ..
sta. 60!., d ov-' trea, of centerline .

oyles Pros. Drilling Co. track counted Lopgyear 44-

.... . 9 2 9 -8 7 .9 -2 9 -8 7

6. C 2. TouAc 20.1. Tot.L CC CO" A F- 9

To-, ie nr 22.1l fl0 lo Cl 522.4 -.526.1 0 "Ott

I - 2Rock not sampled Roller bit used ro

top of rock to 21

Sandstone: --d-ra0e-y--arRockum o Ined, light grayR b e

7 to greenish gray, occ.

- oicaccous, ecc. cross bedd d

I3

4 Box
-1 Run #1

Tape depth.. .6.7
Run length.. .4.7
Recovered ... .4.7

$ bedding plane Loss......... 0.0

- ater recovery 100%

6

C :

8 o Run # 2
02 Tape depth... 12.1

Ron length... 5.4

Recovered ..... 5.1"517 bedding plane Loss .......... 0.3

9
516.9 bedding plane

high angled joint

J broken (modratoly brokn)ENC FORM 18 36 #IVICW$ tOllO S AIE 0.OlCEl oI
RA, .........t . Yatesville Lake,-Phase 11 "X-10



- - - b N. RX-IUItSIIIO I5AUU*TOM - 0 T0.5-

RILLIG LOG hT Rliver Division onington District3 sets
~.fl5JST .0.1*5 0*10TTS Off AI-4 diamond core

Yatesville-Lake, Phase II IN*.*500 .se'.

sta. 6+01.1V downstream of centerline ,l no00 $OS1 ,I O Oll.L
iml~.5IOAA .. ¢T truck counted Longyear 44
Boyles Bros. Drllin Co. *XTo-I..ooveS- ;€0sTL-fl , u.oT o

• , m.. d ;EX-10
L oSL O(.... - I. ...5 If O RO0 C'L5 .

Wo OR".ILLOR IOTrALUMSSR CON S 6oSSCody Nlendorf I. SLOVATION OcousD WATR 522.%
-ECOTIOMR *OMt - V o7
M ..o,,o, ,oo~lono_____ oc - TOOT. S. OA~-TS VA, 9-29--87 9-29-87

1. CLCVATIOC TOP Or .o.5 526.2
-N ToIOAIs~ovFOTSoe-SC 2.0 rock not sanpled -- R O NRIG 9

t. OSTYn CULSO INa ROCK 20.1 1- S1INATSMO O, S
I. ToTA, CC-1 oT .ILC 22.1C> .... ..F SAT SO- 2. ..M- ,,4 IL i!/ ,AA

SvAlA CTIOS oF MATC.IALS ,CoI lOe n -- M-OS
SLSVTIOOOUTSL~SM tO.o,....a 5500 SATL O ,S ... .. I....4,*55.

51 .2 ,10 4 , , _
Sandstone: (Coot)

broken zone (severely broke a
- occ. black coating, occ.

514.6 angled planes, loss 0.3'

-~ #3

514.1 12 beddlng pilane

513.2 13
513.0 *bedding planes

512.8/

14

BOA Run #3
#4" Tape depth .. 17.2

Run length .... 5.1

Recovered ..... 5.1
15 Loss .......... 0.0

16

509.7 - bedding planes

17--.-

- Cnalonest: moderately 100%
hard, br. siltscone rock

58fragments, It. gr. med.
508.4 sand natrix, occ. coal508. sringers

18 roken zone (mech., mod. b .) Box

Coal: Moderately hard,

07.4 - black, blocky, broken.

Shale: soft, lght brown,.
19 clayey, carbonaceous at

top with 0.2 loss.

506.6 broken zone (severely broke -
1 -. 0with 0.1 loss.)

ERG FORM 1836 ACoVovo COITION$ A*9 OSSOLtTE -- LctE No
1*0071Yatesville Lake, Phase I1 EX-1O



° * - ..... Pg-
Ou• , DRILLIK LOG €Om, . 5 3

1 LOG 0 Rio ver-Division Huntington District .,-3 *Nc s
!At.sville Lake,;&e.SZC m Ofpeow.r 4.. dianmond core
Yaresville Lake. Phase II , S f.0o 04.10*5,..A..E *

sta. 6 V01, 1' dosnstrea= of centerlIn, l - Oit........... 'c-Ltd oger4
Boyles Oros. Drilling jtruckaonted Loagycar i,

FX-10 14/A - Ni/A
ol rTeL-. . sol"os 6

Cody Niendo.f M ILCVATtOM GAIjOO WATER 522.4
ONICOI. 01 -OLO - - - *5-5 *0
....... o .. . 987 1 9-29-87

.o -- 1. "1--rm01 oF .. cI 526.2
I -.m. oo o.c._. 2.0 rock not
c 01 M-9-S IS9 -0cC 20.1 a.55000 PCO

*I., cc". ..... ,.......
- 1 CLAShcA , AT"IALS

ss n r Shale: (cont). 9
Santone o r rat ly hard

hard, light ron. clay
filled fractures. Box Run T4

e .6 Tape depth.. .22.!
21 Run length.... .4.9

- Recovered. 4.6
_ _ _ _ _ Loss... .

Sandstone: cOodcrately hard
light gray. nedlum grained,

504.1 22 2Botto of Hole 94Z

Presaure Test Data

23 I interval f0

522.2 - 504.1 2.2
519.2 - 504.1 2.1
514"2 - 504 2.0

24 509.2 - 504:. .

-gauge pressure at
surface 5 psi

-'2

EN0 FORM 1836 ... VIm., COITION$ 0,0k5 00h.c OE N-O

NIAR71Ytesvill loko, flfuve Tr IX-10



Hob NI.. EX-I
vOIVI$J flXI.I.tArIOM -_ soarT

DRILLING LOG Ohio River Division .naonlo. District bC 3 Sers
5. 0o2C00 So. W. SU *00 "" of Il

Yatesville Lake. Phase I .. oou.r no.0,. IoO.- 1. o -.O ..LOCAflON IC..V.. . Sun O- al 
{

ste. 6+11.6. 37' upstrea m of centerline J. osWko=.j$t.A j.O N 01

CT 05.n0.000tokcotd ngycar- 4/
Boles Bros. Dri11in% Co. Is r Ar"t.S 0701. .S/ O ": -0

EX-Il I 8 0o 5 10 co(t 14x : S o

Cody Xiendor! EEVAtON 000000 522.3

V.0I.,€.L ONo n Ot..* . A-30:87 lc0. 9-30-87
11, t1-AIIo. 10o0 tlC 5ce 27.1I

0. 001cK05 sS o ov e0u o . 2.0 rock no t sample ' . OT o RE to v F R" .I 98

C4fle C0DILLO INTO OCK 19.8 TG.r

.TOTAL.oCtNTOf Hote 21.8 1- 1./
0A00I0.ATON OF 5AT5IA0S 5e E... A.SP

t%9A(O* l L .. *.ft lr(Db;. .I.2 -A022

52;.l 0 ._________

- Roller bit was used
1 Rock not sampled fro. top of rock to

2' depth.

Sandstone: moderately hard
- ediu grilncd. light $?r.y

to green s, gray. 00c.
micaceous, occ. cross beddod

Box 7
#1 Run #I i

Tape depth.. .6.7
4 Run length.. .4.7

Recovered .... 4.7
LOss ......... 0.0

-water return 100%

5 (solid)

6

7

Box4Ibroken planes (low angle) #2

Run #2
Tape depth... II I
Run length ... 4.4
Recovery ...... 4.4
. . .Lo. s .......... 0.0

._176 bedding plane

,,1 7.1 
1 

- I I
MG1FORM 836 eoouo 8 o0 s 00ossnutrI Yatesville Lake, Phase II EXIL



i i . I . .. O.. 4C I IoI 5.EET

!-, Io-oo.H EXI11

DRILLINdLOG giver Division' ,. +, ST tOi.tOO 9S"tT 2
.., ..... - - ,. sze A ,yn or.... 4" diamond core

Yatasville Lake, ?hase II .. oIeu o. I- .

fOOI5C.~~* - TESI
sta. 6+11.1.-37' upstream oi centerline Q UA.UFACTOAE SO094-,0W.- OSL.

N.STL. G..CT truck ounted Longycar 44

-Boyles Bros. Drilling Co. , iL ALta 0 o
OLE.t~ NO (A,.ON..a. - **-A* NI usONs SXsLCS TAKE"! 8IA N /A -

{ ,. a ,,,a EX- 11 ' 6

o. '"'".LT 
LTNTAL -OSCE CORE SOXES 6

Cody Nlendorf 1S ECVTAT5o GS*oU5o, 5A 522.3

X3 ........ ,, ...... . ... , *.c0T.I 9-30-87 °9-30-87

T.€ .eCss or NSC 2.0 rock not sa Ople T A N 
"  

R otV , - 527.1i 98

De'........ o..T. 19.8
TOTAL *STPTnOF SOLe 21.8 tIT~OPSSTO~,,

513.1~~o~ aox Nl .. * _ __ _ __ _ __ _ __

Sandstone: (cont)

Box

S16.. 100% 3 ..

1211.9
:A4=9 *roe planc,'.

- Z.~sbop

bedding plane Run 83

13-- Tape depth...16.9

_513,- broken plane Run length ... 5.8

513.7 ..icsceous bedding plane Recovery ...... 5.6
"11 bedding plane Loss .......... 0.2

1 - bedding plane Box
513.0 14#4

broken none (moderately
broken, mechanical, 0.2
loss)

15-

broken zone (slightly bkn
to severely br.Aen @ bott m

A - mechanical).'rSIO. 17- " _. ,

S.o-7 " bedding plane

SQ. bedding plane

carb. bedding plane Box

Coal: moderately bard,
black, blocky, shaley @ t p
broken with 0.2 loss.

S07 Shale: soft. brown, clayel,

- carb. @ top, occ. iron

P \noduals.
507.1 20 - Lbroken plane

ENG FORM 1836 .T.vo ECTIoK ONE OSERIL.. A 71 "e-v I e Yq+' ph' e f I FX-11



',0.1 River-ivision Iotn Dsrc ,.1OO,

Ya tesv lOO L ake, P oa e 1 1 M W C AND t d ono

-sta. 6+1.1 37upstream Of centerljne T114LOAM ., IT0m ... 7'..~ooo~o 010,or OP :LLBo leo Bros. Dril-Ing Co. uc'oOnt 4Lonaycar 44

Codv Sflendorf L' punt.es~ 0C0o. C*
2.Ot5ioOr No0ATC

I0m ... 4" -- Al ole 193087
7 'THIKEIS Or oVecsoRDE. . roc not sooap e 17 CICVATIO o 000 NoLt

* 000005..0 00 00 19.8 M* T0O0AL COC t ErOvefyon 0 ..0220 93
2TOTAL Otfl It V'-.. q3; -IN - 001000 T00

CLEVv.O S0OPt (OO*k5 
.... NO 

osO.0( 5 0~~S 7 .1 2 0 , 
e o e e . .Shale: cost

Run 1broken zone (severly broke .Tape depth. 21.86. 3 mechanicasl, 0.1 loss. RnLnt....

21 S~ltstone: sott d Loss ... :03

landstone : mod. h., med. g.,

bhroken plsne (low angled)

22 -ottos oflil

Pressore Test t,

Interval flow
23(01) (gpo)23523.1 - 505.3 2.4

520.1 - 05. .
515.1 -505.3 2.1
510.1 -505.3 2.3

-gauge Pressure at
sorfacoe was Spn I

F80 -FORM 
Z~3 ~vOotlns02ooet002,0520

Yo, atesville Lake, Phase-1T EX-I!



" -. . .. . iiso oH.CC-1

DRLhING LOG hie River Division :unti gton DI-e 0 i s.5c
SPoJOT - ao. sate no pTYp or eoa 4'-' diamond core

Yptesvllle Lake. Phase 7t -].IOoouoMo eV*yjOs $sps,.aroWE'

sta. -4+50. centerline OF usuuFAO+tR $ Oos'uaLlOa or l.
. A .CtCf 0 - - truck ,ounted Longyear 44
Boyles Bros. - Dril in g Co. ' . ..o - -4. MOLeO 5;"0.. 0 a,.-,.sa lo '- ,,O3=uRo5S°A Os%05L~ 15000~rX IsuON/A N c4vuA

111. Ou c ni.to. T 0T 0-U*t R tX , 2I

Bill oa0cle 1,S CLCVArOC GROUNO WAtoR

3.tC U L3m .. ¢_ __ o=.,o - .m. 0*0 Co~t ! 2-2-88 :2-4-88

TbC ' t Or oVAeU Roo N 0.8 rock nor sampled O- 0vA oM 10. 0 Olo t A27 6
.. ;i7ZC TOTAL CORE RECOvERY FOR Or10a 99 "

a P0111 O"stO I-T0 -00 75.1 I'
. ,_o 75.9 If

XLEVAT.ON DEF T.4 X~~ O f*$II YO OMATERAAl$ %DU. =A~i 4e R REA/ OO5 (o.a,t.0 - 0000-0vp.s, PL CO,i. M, ... ,a,,a.., .oa.*
_ 0.6 O €. 0O " .... 15.I).,O a.

Roller bit was ubcd" Rock not sampledRolrbtasue
oka. s ldtom top of rock to 0.

526.41 Shale: soft, gray
Sandstone: moderately hard

2 medium to fine grained,
light gray. sicaceous, occ 8o

cross bedded, ocr. iron #1 Ra #.
stained Tape depth... 4.9

Loss ......... 0.0

Drill time. ..: 15

4 broken plane: 524.2 - 100% water return

5 10

Box
6 #2

Run #2

Tape depth... 10.0

7 " Lo s .......... 0 .0
Drill tloo ... :15

8 -OO wa ter return

Box
#3

10-- (solid) -0-%

Run #3

12 Tape depth... 15.1
Loss .......... 0.1

Box Drill time .... :15
13-- #4 100% water return

14

15- - mech. broken: 512.4 9 -

16
Box Run #4

17 #5 Tape depth .. 19.1

Loss ...... 0.0
broken plane: 510.1 Drill ime ..... 20

100% water return

19 I0..

1 0 7 . 6 M 0 " ,

ENr FORM |8 36 eRnvIOU$ SoIoos ARE oisoLtI
.A , hvl ~ e TT CC-I



PC oIVsIN _ N rOLL*ToT -, N, eCG-l

DRILLING LOG ho Piver vision Henrington Disrrict or 4 swceTs
* t. PROi? - ' - to, Size A.O Tyn Op It 4' diamond core

Yatesville Lake, Phase.11 U..O'T..RC CV*Io, SeOnTOaMJ-J

sra." 4+50, .centeriil0 ne T

. ..... T truck mounted Longyear 44
-evles pros. Drillin. Co. -I TorT no or ove.. i-..n .AONsTO

4, .4OLL o. -4.. n.00 hh.0- Nunoen AKEN !- I
C1 14N~ TOTAL NUBE CORbxe

NA. O .4-E Is, OCAO c*oUn noTER .2
6is. 4OC . OTi .... n .....n .

... o.. 4*. 2-2-88, 2-2-88

ToIC nCSSt nonnov~sun 0.8 rock nor esapie 17. CEVUIOA TOT O N.Le 527.6

D EWYMOROILLEO INTO TACO 75.1 s ,TOLCA nOVTtonnn 9
N .TOA o "~ STL 75.9 IN.5m5N*T -7N o v 'Z

RoCOV- SA TLo (D t..R, EMsT wire 144, .s nToneCno. ..... .Ri.COr'A

21-

nicaceous bedding pa.: 506 3 - Ron 85
Tape deprh... .24.1

22 " Loss .......... 0,0
Drill time .... :20

23" Box 100% water return

nicacoous bedding pn.: 504 3 #7

24 Sandstone: nodetaiccly hd 100.

coarse to fine grained,

25/- ghr gray, cooglon.1cratie
25- non. br. sirstone rock pun #6 .- fragnensa occ. coal Tape dep'n. .26.6 -

r gen .Los .......... 0.0
. ..26 se: . . ar.btrIngers. Drill timi .... :15-Sh6e: , hk.. oath.. NUI.

500.8 503.1 - 502.8 ___o_ .,. -

270. - -oW:ncf lociy, #
- y ' top, sh. @ mid.

Shale: s., k. a r., nod.

2roken w/ 0.1u loss 8n #7
28-- R\ at on .: s.. r., s= Tape depth.. .30 .

I Loss ..........O.1

Siltstone: soft to moderat ly Drill time... :25 __

2Z ard, light brown, num.

coal stringers. thin inb i 100% water return
30Z sandstone layersT occ. Sx

sandstone rock frags. 97 #9 r7-

clayey @ 497.5 - 496.7 - -

S ale: s. to nod. h., pc.

71. cock., ace. Plant iRls #8

3 Z s. tbis ld. reenis apedepr ... 33.3

Ssandstone, cc. r. L .......... .sitscToe rckl frngs., D rill timc. 20
- tin inrbd of ststone.

3oken bd P.: 496.6 100% Bo O j"; water return
: . _ ""broken plane: 494.4 #10

3nech. broken 494.0

oTape iep.. .38.7

Drill i . 5

3 1,10d% warer commrs

37- broken plane.41. 8700

ENG FORM 1836 0 . ,tSo TIoh.t:h,
jon,, \$N$ $te'iYiQ A$c. pho"e I -



f ~HotU H.CG-l

DRILLING LoG D".o iver Division "luntin gj on District 1o;"'.1

.. -Pn 50 e10W SIZE AND TYPE of SIT '4" dianox O I eYatesnille Lake, Phase 11 L.- Int . $.a. ct Tso.io JN*IASL3

S. ONIN ....O truck mounted Longyear 44 -
Boyles Bros. Drilling Co. - I TOTAL NO Or OV .- TO P..
....... - Ia c-i ...O.. $ . NEs -C .I

. NONE O4 OII.NN - TOTAl NUO EA CORE *OXC$ 22

Bill Womack I LEVATION OTOUOD WATE
. OIOTION 000O.0 ". CR ATE 00E-4-88

- I. ELEV oToT o Noote 527.6.T.cNN$.. fO ESj. tO. 0.8 rock not sampled .. . ... ..... 99 S
DEPH LO INTOPOCK. OTA "' ON E ETUCr O E O S-C N 99

, DEPT ... C ...... ..75.9

EL[EVATION DEPTH Noo CUSSIICITIO. Or MCRIAT S -CONEK NO A OEOON $
CRY NA N.MT.l.IfIJIIN 0.

487,6 40b4
S
h
ale (co

n
t)

4 1 on #10
Box Tape depth.. .44.0
112 I I . ......... 0.1

42 I Drill tie .... 30

- .- - water rtor 100%

43

44 98X. Box
#13

Tape depth.. .49.3

Loss ......... 0.0 7"
i ] I Drill tLie .... 25

f47 wa~jvter rotors 100%

Box
48 broken beddir p.ae. 481 6 4

4A3Co -al md. h. Wkpr

4.S ts0 blocky."l. s;. 9 47 .7

_.| Clav one: s.. greenish PC,, Run A12
aoI er. bo 47'.7, dk. br. #5 Tape depth... 54.5

'- 
4 

i sl. cath. below 476.?. Loss .......... o0o0
1 broken pns%: 477.2, 477.0 Drill tine .".30

JJ~L 476.7 
and 475.62 broken zon: 476.3 - 476. I wter rotrs 100%

SIltot.e: sot to do ra e --
3-- hard light gray, oee.

,.i I carbonaceous stringers. BoxBox54 !ady; 47.9, 473.6 #16 -0
- 473.1 - 472.9

shaloy: 473.5 - 73.4.

55--:: 473.1 - 472.9

E:s19.' -, it. Br. , C I

_M Tape depth ..60.0
Sandstone: nod-rateW.....1 .... y-.r !- N . 0.0medium to fine grained, Di ..

-AI [ light gray to greenish I I t e. :

gray. Dec. cross bedded I w reun1058iopceous.'I [ # 7 a er r t r 0 % -

I59-1
UAU._ _ 6 100

EN4 FORM 1836 E OTOS AT WOLn'C



MON NOs. CC-K

OVSICPS- 
- -MTUAI) -r "T

55C25C5 -IZ MID $125 Of5 5Y P IT 4" diamond core

sra. i50 ceterl ine - 2. MANuresso 4 cs ,1Or$tt

I -1C-(A

Ii.OTACNQ2aRCOT esescusns

c"I,- TOTAL COst COVEAT FOR S5515$ 99
.5 O.esnCO 1.70 .. C eras

oy.L cc,,. -sot 75.9 ' g 7f
6

0.05T Loan . 0.0o .$-

4ater retor to0

61 Box

62-. T-pec dpth... 6.4.
..o:n. 0.0

69 ~0.1'water returs 100%

#1

67- mi. b. pn: 40.6Run #15
B-' Tape depth... 7.7.

20Loss .... 0.0

68- Drill time..04

69- water return 100% 7

#21

7

OX tera pre n. 00%

ENG FRM ~3~ Ou#22
C ,vio sn5lnn=s mic. C~ bd.avll Lake, 452e.4O-



3= -I;=. Co.o~na~v

________2-148

c-C nscWnonc 1-7 rock ino se-: ~.
~~ .cn ~~9.3 ~.co

jI opa d.r7 1.!-1.9

ver soft. smay. illty 100 d I
ses2 -Ic! fze-bedded

sxj sm frogecs:15.3 -

eomslcaerztic, 18.0 - 18.2
.scattered very thin cost

IC striz-ges: ;8.3 -18.8 too [2--jh. 100 31

5t8618.8::01 i.c
215 -.. !. -d..*19.5 -19.8

29 S lt-ne Sa: mod. h.. Sr..

51!26. c. Ir.gc.ft
Sihlt*sty od. h r.

501.1gra., V. s.. ro co.ules;14. -5&25.-_Z25-3 

100 

-

gray. ore w 364 - 6.8
30 scattered thin gray

sandstoce strIagcrs 0 100 7
38.7 - 1.5 carbowcecos

I 1. 0 -. 1.9

L0 8 nechacaclly broken:

100 9
40

485.5 41.9
-413>._ I

Claystonc: silty and. harf
weathered A 42.4 - 43.6,

-AAZ0- -~ff 5 ak. hi. ong. 42.5 - 42.7
si. o an&. 43.5 - 4.
s tone:cof. h. * gr..,

479. 7 cL. Z46.7 - 46.9, low 00 I
"n.o. jt. 0 46.8 -46.9

.10l se. cod, h, r

ENG( FORM 106* t'ooS n ,t-



a I I

47 5!% f ISsdsos:b.sr. 11 020 1

ca.--" l C jt.

50.2 - 50.4. solid 50.5 - 7re" t~. fl1
i i I (a- (pst) Wc='

3~.:~ . Sle .2- 11.8 5 0.0
1.3- Is-, HI 0.39

-~ II 8.4 - 2.0 Is 0.2-
I1.0- 51.0 2. 0.00

ENAGFORIA1836 .,scoanwtv



VXLLM LOG Divisio -- Ds -c M. cG-3

esfliM Zeta. Sols 4- - .uo.ncore
CC-3 7 0-

1. 54L ACZ:

3a=.es _ S Jr..'Orilling Co It' 
' 

CC
' t 

LOOZ
:' ': '

eZ
' ' ;'

OO9 t 1Ot 2-1-8
rwz- os -2.0 rok not • " ed .

C ~26.1 ~7

R ok not sazpled Roller bit -as used
from top of rock to
2.0' depth

zZ Sandstone cod.. * nd.IL! g.It r.. 01C.. ace.
3 .. Zjx- d. *ccc.for. sta.

tc. bd. pm.: 518-8
t jt. 15: 518.7 - 518.5 0ooZ Box Run fl

cod . broken =Lc. bd. pns. il 71pe depth...6.
6

./ traces of grout: 517.4 LOSS ......... 0.0
517,3 Drill tine... :20-- -bd . p.: 516.8 att reun10

I rater return loot

6 -

-bd. pn. ill. w/ grout 0.0' BoxZ= -thick: 513.3 #2

8 "-bkn, p. w/ grout: 513.0 Run 12

'-bkn._ pn. wl grout tr.:5l2.6 Tape depth.. .11.7
-l.bkn. bd. ps. fi. - OZ - Ls ..... .

&rout: 520.5 - 512.3 1IOOZ osDrill tice .... :15j_-3.=jc. bd. pl.: 511.5 & 511 "

too tic: bd. pn.: 510.9ater return 100?

- bkn. pn. -/ tr. of grout:- 1. Bo

bkn. bd. pn. w/ tr. grout --

12 509.2
- hi. aug. jt. w/ grout: -

509.2 - 509.1
13 f., bd. pn.: 507.8 & 507 6

Run 13

506.8 l --.-:c, bd. pn.: 507.1 & 507 0 Do -s'p'-depth...16.2
andstone: nd.h . 4x Loss .......... 0.0

\ - g. cong. claystone I00? Drill tinc. 30
S O S rock frat,; col. stringe swter return 100%i - - \

''J
o 

';  .. .t.. .ct r,300

" foal: cod.,. bk., block -

16 u-. 8 tc ./ tr. of grout
Claystone: , -.-.- ..... .

@top. occ. S.8. nod.,
S17- ,gradational sa. 0 bottom.\ bkn: 505-8. 505.7, 505.6 ?ox

'~ 505.2 & 504.2 - 5 Ron #4
18 -- . Sandstone: mod. h., ned. T d ... 27

-\ " i.bkn . g: r. 2 " Loss .......... 0.0

an&, grout hole w/ backfI1 J00% Drill t!cc. 20

-1 504.3 - 501.9 uater return 100%

ENGFORM1836 05evon eov~o-st C4$oteve



...... 1711 2c-000-01N - ITU.10 61

DRILUING LOG lOho River 0104,0o6- • I "Pu-leln. Olstrit 1 .... 05

U*OJ5CT'. .- -0 ....:cERlbWtr A o'. L or
Yaenle ak.PIase 11 .. MV20 --.6*SO 60 nW6.5

s za. 5+75 . 17.5' upstre am of centerlin e 11 - I ' = ::. - 0 0 6

-ls Bros. Drllco. M. T, .0.C o I ... ..
s am=!- Cr- 4:A 3 /A

Bill Loaek- 6%.CVtIENN C*M% WATER
E. OICAIA 00T -90 66666 5OTlt

C:' ....... 50.*6666.66 *1 60 218 2-1-88211 ;;--1 ICTc O 0 -- C 52.

T.ocv[S.Sseoobn. 2.0 rock nOt s,.oled 0

CC-.- DRLLEDINTO-O. 24A O*0 COt -ECOTC*Y 00*0666 100

P. 0........ CC OOC 26.1 ! "/ 7 (

so&,.. 2(> ,1 ,- , I .

Siltstone: nod. h. - s..
500.2 g., gradational -/ sa. @

21 top & h. e botton Box
Ucl. se.: 501.0. 500.9 & 5 .5 16
Sha.: s t, at- gray,

22_ n-n sandstone stringers. Run 5'
ac. coal trifngcrs. Tape 11-1t0.- 26.1
bkn. pas.: 498.5. 498.0 100 L .Los . 0.0

23_. 496.6 Drill tine.20

~Box
24-- 1 water return 100

25-

-494",- 26": Bottom of Hole

27-- Pressure Test Dita

gauge
interval press. flo

28.L ((t) (psi) (ef,
5.0 - 26.1 5 0.0
18.0- 26.1 t8 0.0

EN0 FORM Rn836 u COTIN ARE.00 O-A0c015?sc THrt

7106 Y~tesvilie Lake, Pha., IT rG-3

,'' ,



ol. go. '-"

DRILLNO LOG Ohio River Division I Huntington District - it - uRcen
.o00030 10. Euz -0 VPt 01 vy 4" diamor,d core

Yatesville Lake, Phase II . Fo0 RLROAnO0 S

Sta. 0 . r downstream of centerline
A~~ truck mounted Longycar 41,

Bovien Bros. DrillIng C. i CO ;

1 ;. .1- 1 T I.. . .. . ... " ... .. .6 , o ..

R W11 mi.ack IS rUc5ATIOO GR*UD .ATC.

16, OIEATCO T t ROEI'

.RRIC5Rssor ovERRuoOER 2.2 rock not sampled -20,IS. .oOrt10 CC-0- lECov t 80*15 99
__, _ DRILL= ____TO *cO 19.3 1- OR T

TO7011. RO*OC Ol --L 21.5
_ LE .STIRIetI R. RIAUt CRO0A$1A.I.oo IRY..,ALS M** o.

520. O0 0 R O at. --

s l Roller bit was used
Rock not sacpied fro top of reck to

2.2' depth.

Sandstone: mod. hard.
3 - mSedium to fine grained.

light gray. cic., Dcc.
x-bd., occ. fer. sta.

Box Run #l
#1 Tape depth ... 7.3

Loss .......... 0.0
Drill tine .... :15

-water return 100%

6

7-
z _09% Bux

#2
8

9 Run #2
Tape depth...12.6

10 ..bd. pn. fil. w/ grout;: 51 ).9 Loss .......... 0.0
- . low ang. Jt. 30": 510.8 - Drill tine .... :15
_ 510.7 arreunOO
Ibd. pns.: 510.5 & 510.3 Box watr return 00%

#3
bd. pn.: 509.3

12 Z

13 . bd.pn. fii. wl grout 0.01'

- 9nglomerate: nod. h., h.,
3 - claystone rock frags., R

ned. . It. gr. sa. matr x. Box B--- S_Loe t0 G._ -eed #4 Rn0

15Sandstone:o. . RCT. Tape depth... 16.9

505.6 5f. . .gr.. n... coa Loss .......... 0.0
\stringers. Drill time .... :15

16coal: 506.2 - 506.1
6 6- -- " : I -. bi.". -bloc y water return 100%

tr. of grout.
clay seam @ 505.4 100%

17 Claystone: s., It. hr.,
503.4 -xcarb. @ top.

b-kn; n 5 0.2. .2,_18 ittne: o ,-l' r., Bo5

.5A2.5 Sradational w. coarser b hot. Run 44

Sandstone: mod. h., Med. Tape depth ...21.5
19 f. g., ic., occ. x-bd. Loss .......... 0.1

shaley below: 499.8 Drill tine .... :15

-S00.8 L_________ I__8 water return 100%
ENG FORM 18 36 ... v~ o,,o11.s A.C obso e~ .o .- co.R 37 Yatesville Lake, Phase IIdi Co-4



- c ho.-0 - US! ~!ST!0
5. 5 0 ; il OSULCA ea of ceOtrlin 00 85 0 ! SX

Bale BOC~O ODiln otukmudogcr 44

1. o-,...81 O COME5L56

050.rOT. 00. I 2-289 -2-88~. 5AOOOSTOCSo~~O2. rcknot sornpld 17 LCV.TIOOTO- 01 -Lt 520.8
I 00550 O*1LtUD INTO OC00Is TOTAL CONCtc- ICOES ON 5055 99

o ~ t TOTAL 0 17. or nOLC ",$, SItA a0tT

LV- OTT LECNO.An .fT.4 ZA R A c..A

Soodstono: (coot)

Botot of Hole
22

Pressure Test Data
22 gouge

interval PrTel . (1o
(IT) ( P.1) (cf

5.0 -21./. 5.0 0.0
[0.0 -S 15 0.0 0.0

ENO FORM 8 36
MAR75 PZtVIOASC CTIONSnAtOoeSOoCT TOJO ACN

Yateovill Lake, Phase IT CC-4



DRILLING LOG O:S O or L i -
0331rRiver Division oHuntington District or e stcs

Yatesville Lake, Phase I1 onus,. 3or & I4V", diamond c ore
2. LOCA?10*sta. Owaotream of centerllne T11

ovles Bros. Drillin Co. truck mounted Lon year'44I, Bros *o (A. . . ' TOTAL 30 00 OV,. I _ u1 1. :u3t Ole"• 3,,,d) (.(:-S *000$5CS00, N/A 8/AMalA

S. 335 r enure IITOTAL ....3( CO. "At0o- 6Chad Razev Is .O. 0*50*0 .

,1 -9l=8A - -28-88
Tr5c-eiss, ove..uo* . I 3 rock aot sasoled '26ttCVOT TOT 07 00C. 526.9

.OCPT" OCILTO INTO MOCK 20.7 I.TOTALCOt.CCOV.VY, FT *o,..a

t. TOTAL CT0 OF HOL 22. n~*o
5

r.-.5~

.. . .of O .
526.9 0'. s. 0"4".5 .

Rock not sampled Roller bit was used

fros top of rock to
525.1 - 1.8' depth

2Sandstone: sod. h... -

T. -.. It. gr.. sic., occ.

fer. sta.. occ. x-bd.

4 
Tape depth.... 7.1

Loss........0.0for. sta. jt. 451: 522,5 - Drill tioc....15
5 22.2

S 5 2water return 100%

B Box
102

8

9 Run #2
Tape depth.., 12.4sic. bd. pn.: 517.4 Los,. . 0

10 
Drill time.:25

Box

II#3 water return 100%

12--

-- void filled w/ grout: 514 5.10% -
- 14.4
broken zone; sev. bkn., j
@ 45* sm. tr. of grout:

-\513.9 - 513.6 Oo
14 bd. pn. wc/ grout tr.: 513 4 04 Run 03

t bd. pn.: 513.3 Tape depth.. .17.9

\-mic. bd. pn.: 512.5 Loss .......... 0.0
I ..- bd. pn. w/ grout tr.: 511 7 Drill time ..... s

" broken pn.: 511.5
f6- .-bd. pm. w/ grout tr.: 511 0 water return 100%

Conglomerate: sod. Ii7, hr
f7. claystone rock frags., it

gr. med. g. so matrix, Box
occ. coal stringers #5

508.6 18 bkn. pns.: 509.6 & 509.4 "
Coal: sod. h.. bk., block

0&Q 19 sh. to.

carb. @ top
W, M - l .:.507.6, 507.5. 50 .8, 5 6.3EN , FORM 1836 sRevsos co-TlOs$ 00 osoeca 

oe eI MEhe C-,r . .e'rYatesvllle Lake, Phase ItI CC-5



Hof. No. _q
DRILLING LOG - Ohio River Division Huntington District - 16 2 " s111 rs

.. , Co T - W Sio $1 4 xm TYPI 
+
e l F <91T on cr

Yatesville Lake. Phase I center.in oo w
sto.-64"05. 40' dow:streom of centerline....

.......AGNC T tuck r o-mted Longyear 44

!. TOTACO O11 OVY O ,IU5

TO4A TOTAL,5L 22.5ACOC6OE

. 1 . C. .' 6G5- . I l

chni R-cev 15. ftCVATION GROUNO WATER

CLCV*7l05 O CASITCAIO Ir A OlA SOtIn S OR 005505

. . . ... RCC.. .V lM L o _ .9 "
T ¢ Ess OF OVe.U Oc. 1,.8 rack not samnlefl

, I, TOTAL GORE AtCovtaY FOR 64RlNG 100
IOCPTN GAMIC*t INTO ROCK 20. 7 W11 1NTU I , SPcT

. TOp d.t.h. .... .22.5

2!, . . N
grad ¢tional cel.LE SCc butti oDrilll f t N , ter ,S

50k9 20$e. 505.
- yson: (cost) Run 1

50 -- 2-sits ni 21s. It." bF'.T lo Tape depth,...22.5
grdalna / . oto 6x Loss ...... 0.0

- -dtoa w .@bto Drill tice .... :15
505.2 .. .. el. se.: 505.3

22 Sandstone: nod. h., med. voter return 100%
- . g. it. gr., olc. 100%

23 _ Bottom of Hole

Pressure Test Daa
gauge

interval press. lo,2"--(fit) (psi) (CoI

4.3 - 10.9 5 0.0
O.q - 17.5 II 0.0
7.5 - 22.5 17 0.1

"-2-

(

ENG FORM 1836 eqcv1 o us Enol s COITION$ tC 08SOrTo i N
AYAe1w1,t l- e lake, Pha- IT CG-

,



Ob~lOOS SSON~tOIOH&. NO. CC-6
DRILLING LOG Ohio R.ver Dvision Puneisoton District Tor I s.tns

,.s0' .t oz 50 o -or0"d o core
Yatesville Lake. Phase II .and coretr lres-Tsown--

,Ir. Sdmp, hO' dgssrea~t of centerline ,.xueS StOESO-tc1-1 ,S tt
o ....S. .s.t... truck mounted Loogyear 4
ioles Bros. Drillin Co. .3 TOA .0 .1.t

NOSE N O.. tlN**O!tNNN CG-6

B. $ionack tS. lev-oNS Go000 E E

,. OsICsOSSOrOVOfOSu~o'E 2.1 rock not sampled N', t . -Two. oo 0,0 sE

I*. TOTA O5,C tCOVERY rO* 600100 too
Oe 09 lt oAILLO INTO OC 18.8 to sqsnoUocoO Is$PEcO

t .OAL oEl .00 .OLE 20:9 John ILocO

T. so c€ SOOCANlO Or Ai AO, A" $',CO- t CO 0 A .$
05.00015 OODsoS ) EOS s. .st . ... tN . .

- ROCk sot saopled ioller hit wao seod

- Sands tone: fine graiied,

hard, oassive heddiog,
gray, sl. carbonaccous

- sli. nicaccios, solid 2.1

- 7.3 6 7.3 - 12.3. thin
bedded with carb. coated
heddinog planes 10.! - 12..

- tO  L '

solid 12.5 - 17.1, saley
hedded ,ith ca4b. coated

- 0 hd. planes 17.1 - 17.3.
separated slcaceous bd,
plane 17.25, cosgloneriti 100 2
19.2 - 19.7, shale sOats.

soft gray 19.7 - 19.9.
hroken shale sean, sod.

- 5 hard 19.9 - 20.0. lodorat,
lay gn gray 20.0 - 20.
nubherus 0.0 thio coal 100
stringers 20.5 - 20.9. -

S edast fossicl 20.9.

"20

a c - 1004e iccou d

botto oken .s.le . .cla Ncmga 2. 0

20

on. ~ ~ ~ to N4N N st~o

- 25

_ N 1 83 c use- . ~cotN



II. No. CG-7

~~ RoHntington District -~DkILLINHG LIOG Ohio River" Division ... Iutngo Ditr, " 2 s"IM~

.~0 0 -. . - 'o wsinze o yvn or o ,T 4" dlamondseor e

YaresvIlle'lake. Phase II - M,.Ouo MOO 0r.1.00*ION's 0W .0T0401.

sr. 6+25, '25' downstream of centerline BM "0,UlOS nnOObO 01.

not~1.1.touauo:to truck mounted Longyear 44
ov Bro,. Drillioo.Co. I~ eu~no 0000.e~ ~e jn.o.otuto.t

St 00 "(A. .0 o.0o 141 -7 oOOno.0....onl : NIM

0 A. Ore .........

0.*000'sso o0vs.1u00 s! r~knt tpe 00m noutcone:ot 000 eio 97

W.. NIAoa~ 000 *0

- - 14 cOTA n.E .I .......

/~~1 tLEA$IATIONO OC OUNOWITCA

?4vO0O 1-28-88 1-28-88
17. 0oA0, 0,10000P001. 528.0

r, 03 0, o cnotsaped n 1.9 rock not -dpled
1- 0., 0000 0000000 0ro 00010 o 97

_-- 19.2 .'doth
9, TOTAL OCT 0r00OLZ 21.1 -/ I - 7
ELEAvoylo ceon. I1.0000 CLSttOTO 01 unTC1otL1s Co"' 0000 o'noA

.___ No _Z.. . ..
SM 0_ _ _ 11 A I 040..0.I *IO

Rock not sampled Roller bit was used
fron top of rock to

526.11.9' depth.

Sondstone: mod. h., ned.
f, g., It. gr., tic., occ.

3 x-bd., occ. foer. sta.

Box Run #1

4 -1 Tapo-depth .... 6.3
loss .......... O 1 t
Drill time .... :25

5-
water return i0l

6 98%
Jr. w/ 45' nng.: 521.9 - , -

-- m oth. broken: 520.7 Box
-2

8 Run 02
Tape depth ., 10.7

Loss .......... 0.0

9 Drill time ..... 22

water retutn 100%

100-:e/_ i~~~-10O% Box .. . .. . . . ..
0 3 7-

Run #3
T-pedepth,.. 16.0 7

3 -- mech. broken: 517.3 
Loon .......... . 1

Drill time .... :20

Box water return 100%
n - mech. broken: 515.1 84

S- broken zone; So. bkn.,

0.1 loss, So. t. grout
lays.: 512.9 - 512 3 -- .. .

. .1Conglomerate: nod. -..

br. claystone rock frags.,

ed. g. It gr. so. natrix Box Run 8/

cool qtringers @ bottom. #5 Tape depth .21.1
w k / 0.3: 510.2 - 509.l Loss .... 0.3 -

bkn Drill time .... :20
19 _ : ,-rod, h., bk., bloc y

C- -v tone: s., cl., grad tional water return lO0

' carser with depth - .
.. n5DL ... o ______________ 94%

ENG FORM 1836 ,0Iiou oso$ 0At01.00 R -

1 Yatetvlle lake, Phose II CC-7



DiKILINGli LOG N. . -Ohio iivir Division -THounntron DStrict o'2 NOOCT

l8es Bros. Drilling Co. truck ouonted Longyear 44

.NmE 00elULOS U- I 00 . *ftNco't tOxcS -6 -

a. eo..oo,, - 1-8-88 1-28-88
1.t~nomiO ootooo1.9 rock not sv910 ~pv *5ed-m, o 528.0 -

$,TTA scoo T osi F IN ot -,19.1 ;or *ttTt 3ttC~AF
I. nATone DPTH L0 N CL2.U1. 0' 9*A' SlSttO. scro

(a... ., 'c ... t I, .A . .05

Cloystone: (coot) o

21 Sandstone: mod. h..md

22 B tofHl

Pressure Test Data

Interval press. flow

EN6 FORM 18 36 PscoNI consoosS ORE OSSOLOtI 5J01o,.

OtCNl ,'0N, ~Yatesville Lake. Phase JI CG-7


